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1.0 INTRODUCTION

1.7 PURPOSE

An initial assessment survey of the Labdratory for Energy Related
Research (LEHR) Tlocated on the University of California, Davis campus was
undertaken by Rockwell staff under DOE Contract DE-AT03-84SF15160. The pur-
pose of the survey was to obtain data and perform an initial characterization
of the nature and extent of radioactive and chemical contamination at the LEHR
site. The survey was an exploratory survey to determine the presence of
radiological or chemical contamination which could either migrate to the
environment or present an unanticipated cost in the decontamination and
decommissioning of the LEHR facility.

1.2 BACKGROUND

Prior to the start of the onsite survey, a preliminary visit was made to
the site by D. L. Speed of Rockwell and C. A. Taylor of the San Francisco
Operations Office of DOE. This trip was made to help in the writing of the
survey plan. A survey plan for the initial assessment survey of the LEHR
facility was drafted and approved by DOE-SAN prior to start of work at LEHR.

This initial characterization survey was performed in accordance with the
prepared plan (NOOTSRR130013) which was submitted to DOE SAN for review and
concurrence. The plan, funding, and schedule were adequate for an “initial"
characterization survey only. A full and complete characterization survey was
not planned and was not performed.

1.3 SUMMARY RESULTS
The results of the surveys performed are summarized in Table 1.3.1. No

indications were found of gross contamination in unanticipated areas. Con-
tamination was found in radium injection wells, radium septic tanks, and in
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two bore holes drilled in the burial ground areas.

The Tevels detected were

within two orders of magnitude of background; however, the potential exists

for migration of material from these areas.

No hazardous quantities of chemical contaminants were noted in samples

from the LEHR site.

TABLE 1.3.1
SUMMARY OF RESULTS

Type of
Area Survey Results
4.2 Surface Features
4.2.1 General Surfaces Grossa B Y No unexpected fields. v
' detected at Co-60 irad
field and AH-1 storage
area..
4,2.2 Statistical Gross o B Essentially free of
contamination.
4.2.3 HVAC (AH-2 and -2 Smear samples Two elevated readings
Buildings) a and B meters less than typical action
levels
4.2.4 Surface Soil Gross a and B No indications of con-
tamination attributable
to the LEHR operations.
4.2.5 Field Drain Survey Not accessible for
survey.
(Discharge to Putah Gross a and B No activity above normal
Creek) soil samples background.
4.2.6 Dog Pens Gross a and B No measurable contamina-
soil samples tion found.
and gross
and B
AI-DOE-13504
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TABLE 1.3.1

SUMMARY OF RESULTS

(Continued)
Type of
Area Survey Results
4.3 Subsurface Features
4.3.1 Burial Ground and Gross and B No increased B. Sharply
General Area increased vy in holes 13
and 14, C-14, Sr-90,
Ra-226, and H3.
4.3.2 Leach Feld Bore holes No increased activity.
4.3.3 Radium Injection Wells Gross and a and Y contamination
on manhole covers.
4.3.4 Radium Septic Tanks Radiochemical No activity found.
‘@,T7Q;7 analysis of
k‘ ’ sludge for
Pu-241
4.3.5 Imhoff Facility Settling Same as above No measurable quantities(
Tanks detected. -
Surfaces Smear for Low levels of removables
gross a and found.
B-
4.4 Radiochemical Analysis C-14, Ra-226, Sr-90, and

H-3 jdentified at
relative levels.

1.4 RECOMMENDATIONS

This initial survey found no indication of gross contamination in unanti-

cipated areas nor evidence of significant migration of contamination.

How-

ever, available records and information did not establish a high degree of

confidence that potentially contaminated areas had been adequately
schedule, and budget for the initial survey was adequate

fied.

The scope,

only to investigate the most suspect areas.

Al-DOE-13504

3

identi-



A full characterization study and survey is recommended to identify the
nature and extent of contamination over the entire LEHR site (especially the
formerly utilized waste disposal sites) as well as in the facilities currently
using and storing radioactive materials.

AI-DOE-13504
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2.0 SITE DESCRIPTION

2.1 LOCATION

The LEHR facility is located on the campus of UC Davis approximately
1/2 mile south of Interstate 80 on County Road 79 1in Solano County. The
southern border of the facility is a levee on the north side of Putah Creek.
The eastern boundary has changed several times over the course of expansion of
the research programs. Please refer to Figure 2.1, which shows the current

boundary of the site.

2.2 SURFACE FEATURES

Figure 2.2 shows the major LEHR facility structures. Nearly all of these
structures have been used to either store, administer, measure, or otherwise
utilize radioactive material at one time or another in the history of this
facility. The areas with the greatest inventories of radioactive materials
are the AH 1 and IMHOFF buildings. The initial assessment survey did not
seek to measure contamination in any of the LEHR. structures.

2.3 SUBSURFACE FEATURES

There are numerous subsurface features associated with the LEHR facility
with the potential for contamination by radioactive materials. A number of
these features are known to be contaminated, and it is not known if the con-
tamination has spread from these structures. In two cases (see Sections 4.3.3
and 4.3.4), it is conjectured that some sort of leakage has occurred in the
past which may have resulted in a spread of radioactive contamination. Other
features were found on drawings but could not be confirmed by physical exami-
nation in the initial assessment survey. Some of these subsurface features

(notably burial sites of chemical and radioactive waste) are associated with

plhatcli
the LEHR facilty activities, while some may have been in place prior ta the
acquisition of the Tand by the LEHR facility. As documentation of the exact

AI-DOE-13504
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dates and Tocations of these features has not been obtained, it is expected
that these burial sites may become a matter of interest in the future.

2.4 SITE ACTIVITIES

2.4.1 Pre-LEHR Activities

Prior to the dedication of the described portion of the UC Davis campus
being designated as the LEHR facility in the early to mid-1950s, the land was
used for a number of purposes. While an exhaustive historical research effort
was beyond the scope of this effort, some time was spent in search of the use
of the land just prior to the LEHR era. Conversations with Dr. Goldman indi-
cated that the first area of land given to LEHR had been the campus garbage
dump.

As the Tevel of research at LEHR increased, more room was needed, and the
size of the facility was increased in several stages.

As the LEHR facility was growing to the east, it appears that the univer-
sity waste disposal operation was moving eastward at the same rate. This
waste disposal operation involved the burial of chemical, radicactive, and
other undocumented types of waste. A certain amount of survey time was spent
in an attempt to track down some of these activities without success. There
appears to be a lack of available documentation in relation to the university
disposal of chemical waste at that time. The level of documentation of radio-
active waste disposal was better than the chemical data, but did not preserve
much information for the future. Reproductions of two unnumbered blueprints
are in the hands of DOE-SAN. Due to their large size, they could not
conveniently be included in this report.

2.4.2 Past LEHR Activities

For the convenience of the reader, this phase of the site activities
description is broken down into two subcategories, research and waste disposal.

AI-DOE-13504
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2.4.2.1 Research

There has been a great deal of diverse research at this facility. In
this initial assessment, we were able to focus only on the major programs.
Detailed information concerning the radioactive materials used in past pro-
grams is difficult to reconstruct at this time because of the Tack of accurate
records and normal personnel turnover. While some records do exist, they do
not.show the detail desirable from a survey viewpoint.

The primary programs of research involved Ra-226 and Sr-90 deposition in
small animals. Primary references to this effort may be found in Appendix A.1l
(reprints from Health Physics, V.46) of this report.

These papers represent a portion of the work that was carried out in this
facility.

2.4.2.2 Waste Disposal

There appears to be a Tlack of available documentation concerning the
history of waste disposal at by the LEHR facility. The reader of this docu-
ment should keep in mind that this is not an uncommon state of affairs for an
older facility that has used radioactive materials.

The following information was related to the ESG personnel by various
LEHR staff. Recollections from many years ago resulted in statements that
were incomplete and inconsistent. At Teast three onsite waste disposal
schemes were found in our cursory search through the prints that were reviewed.

2.4.3 Present LEHR Activities

2.4.3.1 Research

The present level of research at LEHR appears to be greatly reduced from
the recent past. While it was not a part of the original initial assessment

AI-DOE-13504
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survey plan, some time was spent investigating the current projects. Informa-
tion on this was gathered on an informal basis from the LEHR personnel with

whom we had contact.

2.4.3.2 MWaste Disposal

These efforts were not investigated in detail for compliance with current
regulations and standard practices but do appear to be up to current standards.

5042Y/dm
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3.0 CHEMICAL SURVEY RESULTS

3.1 INTRODUCTION

As the initial investigation revealed the possibility of early (1950s and
1960s) disposal of chemical wastes at this site (conversations with John
Hickman - former UCD employee, currently employed by the State of California,
Departnent of Health Services, Radiologic Health Section in Sacramento, Cali-
fornia), samples of subsurface soil were obtained for chemical analysis.
These samples were obtained for us by the Anderson Geotechnical crew using the
stan-“ard "California Core" technique. These samples were obtained at loca-
tions as shown in Figure 3.1.1. All samples were taken at a depth of twenty

(20) feet.
3.2 CHEMICAL ANALYSIS

These samples were submitted to Rockwell EMSC Laboratory for chemical
analysis as specified in the DOE Scope of Work. The analytical team was
headed by Dr. Colovos of EMSC. A copy of the complete report as received from
EMSC appears in Appendix B.

3.3 CHEMICAL RESULTS

A portion of the report of the chemical analysis is reported in Figures
3.3.1 to 3.3.7. The compliete report is reproduced in Appendix B.

According to Dr. Colovos of EMSC, no hazardous quantities of chemical
contaninants were noted in the samples from the LEHR site.

AI-DOE-13504
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VOA Compounds in the Soil Samples

Compound Concentration, ug/kg (wet weight)
#137 41139 #140 #1413
methylene chloride —_— —_ 12 10

Figure 3.3.1. VOA Compounds in the Soil Samples

Compound Concentration, u wat weight
#137 #139 #140 #143
bis(2-ethyl hexyl) phthalate —_ _— 3300 2800

Figure 3.3.2. Semivolitale Compounds in Soil Samples

AI-DOE-13504
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mg/kg in wet sample

#137 2139 #140 #143 STLC
Sb <0.2 <0.2 <0.2 <0.2 157
As 5.3 4.6 7.4 7.6 53
Ba 170 230 180 210 1050
Be <2 <2 <2 <2 7.8
cd <2 <2 <2 <2 10.5
Cr (VI) 53
Cr 51 53 27 53 5880
Co 16 24 33 15 840
Cu 41 35 20 40 263
F 23,4 31.3 30.2 72.6 1890
Pb <13 <13 <13 <13 53
Hg <0.5 <0.5 <0.5 <0.5 2.1
Mo <500 <500 <500 <500 3675
Ni <100 102 <100 115 210
Se <l <l <l <1 10.5
Ag <2 <2 <2 <2 52.5
Tl <50 <50 <50 <50 73.5
v <200 <200 <200 <200 .252
Zn 80.2 4.1 45.7 69.4 2625

|
2 water —l 15.92 14.52 5.92 11.12

Figure 3.3.3.

Metals in Soil Samples
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Hasardous Substancs List (ESL)* and
Contract laquired Detection Limits (CEDL)*™

Detection Limits

Tov Watars Low Soil/Seaizanc’

Volatiles CAS Number ug/L ug/Kg
1. Chloromathane T4=87=3 10 10
2. Bromomathane 74=83=9 10 .0
3. Vinyl Chloride 75=01=4 10 10
4. Chloroechans 75=00~3 10 10
5. Mathylena Chloride 75=09=2 5 ]
6. Acetona 67=6d=1 10 10
7. Carbon Disulfide 75=15=0 5 s
8. l,l=Dichlorcecthena 75=35=4 s S
9. 1,1-Dichloroechans 7%=35=3 5 ]
10. trans-l,2-Dichloroethane 156=60-=5 S s
1l. Chloroform 67=66=3 S S
12. 1,2-Dichloroethans 107=06-2 b S
13. 2-Butanone 78«93-3 10 10
is. 1,1,1-Tricalorvethans 71-55=6 S s
15. Carbon Tetrachloride 36=23=35 S S
16. Vinyl Acetate 108054 10 10
17. Bromodichloromethans 75=27=4 ] S
18. 1,1,2,2=-Tetrachloroethans 79=34=5 S b}
19. 1,2=Dichloropropans 78-47=5 5 b}
20. trans-i,l-Dichloropropene 10061-02-¢ 5 b}
2l. Trichlorvethena 79=01-¢ 5 bl
2. Didromechloromechsne 124=48-1 5 5
23. 1,1,2-Trichloroathane 79=00=5 b} s
l4. Benzene T1=k3=2 5 b}
5. eis=1,3~-Dichloropropens 10061-Q1=5 5 b
(continuad)

Figure 3.3.4. Hazardous Substance List (HSL)* and
Contract Required Detection Limits (CRDL)**

AI-DOE-13504
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Detection Lizits
Low Water* Lov Soil/Sedimescs

Volatiles CAS Numder ug/L ug/Kg
26. 1-Chlortoschyl Viayl Ether 110-75-8 10 10
27. Bromoform 75=28=2 5 S
28. 2-Haxanone 591-78-6 10 10
29. 4-Machyl=-2-pentanons 108-10=1 10 10
30. Tetrachloroethens 127-18=4 S 5
31. Tolusne 108-88-3 ] M
12. Chlorobenzens 108=90-7 5 S
33. Echyl Banzene 100=41-4 5 5
34. Styrene 100=42-5 5 5
35. Total Iylenes 5 5

Angditm Watar Contract Required Detection Limits (CEKDL) for Volatile ESL
Compounds are 100 times the individual low Water CXDL.

dMadiom Soil/Sediment Contract Requirsd Detection Limtes (CRDL) for Velatile
ESL Compounds are 100 times the individual Low Soil/Sediment CIDL.

Figure 3.3.4
(Cont inued)

AI-DOE-13504
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Decection Limits

Low Water~ Lov Soil/Sedimenc™

Semi-Yolatiles CAS Number ug/ L T ugxg
36, N=Nitrosodimethylamine 62=75-9 10 330
37. Phenocl 108~-995=-2 10 330
38. Anilins 62-33-1 10 330
39. bis(2-Chloroethyl) ethar lll=bbd=4 10 330
40. 2-Chlorophenol 95=57=8 10 330
4l. 1,3=-Dichlorobenzene Shl=73-1 10 330
42. 1,4=Dichlorobenzena 106=46-7 10 330
43. lanzyl Alcobol 100=51=6 10 330
Ab4. 1,2-Dichlorobenzene 95-50~1 10 330
4S. 2-Mathylphenol 95=b8=7 10 330
46. bis(2=Chloroisopropyl)

ethar 319638-32-9 10 330
47. s=Mathylphenol 106=44=5 10 330
48. B=Nitroso~Lipropylamine 621=64=7 10 330
49. Hexachlorvethans 67-72~1 10 330
50. Nicrobenszens 98=95=3 10 330
S1. lsophorons 78=39=1 10 330
$2. 2-fiitrophencl 88-75=3 10 330
$3. 2,4=Dimathylphencl 108=67-% 10 330
S4. Bemzoic Acid 65-83=0 50 1600
$35. his(2-Chloroethoxy)

wathane 111=-91=1 10 330,
$6 2,4=Dichlorophenal 120=-83-2 10 330
$7. 1,2,4=Trichlorobenzens 120=-82~-1 10 330
$8. Maphthalens 91-20-3 10 330
$9. a=Chloroaniline 106=47-8 10 330
60. Hsxachlorobutadiene 87-68-3 10 330
61, 4=Chloro=3-aethylphanol

( para=chloro—sata—crasal) $9=50=7 10 330
62. 2-Methylosphthalene 91=57=6 10 330
63. Bazachlorocyclopencadiane 77 =b7=4 10 330
66. 2,4,6=Trichlorophencl 88=06-2 10 330
65. 2,4,5=Trichlorophenal 95=95=4 50 1600

(comtinued)

Figure 3.3.4
(Continued)
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Detection Limits
Lov wacar~ Low Soil/Sediment®

Seai~-Volatiles CAS Number ug/L ug/Kg
66. 2-Chloroaaphthalens 91-58-7 10 330
67. 2-Nicrosniline 88~Th=4 S0 1600
68. Dimacthyl Phcthalacs 131-11-3 10 330
69. Acenaphthylsns 208-96-8 10 330
70. 3=~Ricrocaniline 99=09-2 0 1600
71. Acenaphthene 83-32~9 10 330
72. 2,4=Dinitrophanol $1-28-5 S0 1600
73. é=Nitrophemol 100=02~7 50 1800
74. Dibenszofuran 132=64-9 10 330
75. 2,4=Dinicrocoluene 121=1é=2 10 330
76. 2,6=Dinicracolusens 606-20~2 10 330
77. Diethylphthalate 86=66=2 10 330
78. &=Chlorophenyl Phenyl

scher 7005=72=3 10 330
79. Tluorens 86=73=7 10 330
80. 4-Nitrocsniline 100=01=6 50 1600
81. §,6=Dintcro=2-mathylphenol 3$)4=52-1 50 1600
82. Ne-nitrosodiphanylamine 86=30=6 10 330
83. 4~iromophenyl Phenyl echar 101«55-3 10 330
84. Raxzachlorobenzane 118=74=1 10 330
8S. Peatachlorophencl 87 =86-% 50 1600
85. Phenanthrens 835=01-8 10 330
87. Anchracens 120=12-7 10 330
88. Di-o=butylphthalate Sb=Tb=2 10 330
89. Yluaranthene 206=44=0 10 330
90. Benszidine 92~87=-3 50 1600
91. Pyrens . 129=00-0 10 30
92. Butyl Benzyl Phchalats 85=68=7 10 330
93. 3,3'=Dichlorobenzidine 91-94=1 20 660
94. B (a)anchr $6=55=3 10 330
95. bis(2=ethylhexyl)phthalate 117-81=7 10 330
96. Chrysens 218=01-9 10 330
97. Di-m—oectyl Phchallce 117-84=0 10 130
98. Benzo(b)fluoranthens 205-59-2 10 336
99. Benso(k)fluovanchens 207=08-~9 10 330
100. Benso(a)pyrene 50~32-8 10 330

(continuad)

Figure 3.3.4
(Continued)
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Detection Limics

Lov Wacter® Low Soil/Sedimant-

Pesticides CAS Number ug/L ug/ Kg*
104. alpha=-BHC 319-84=6 0.05 2.0
105. beta=-3RC 319-85-7 0.08 2.9
106. delcza-BHC 319-86-8 0.05 2.0
107. gaama=8RC (Lindane) 58-89-9 0.03 2.0
108. Reptachlor T6=bb=8 0.0% 2.0
109. Aldria 309-00~-2 0.05 2.0
110. Reptachlor Epoxide 1024=57=3 0.05 2.0
111. Eadosulfan I 959-98-8 0.0% 2.0
112. Dialdrin 60=57~-1 0.10 4.0
113. &,4'=DDE 72-55=9 0.10 4.0
114. Endrin 72-20-8 0.10 4.0
115. Endosulfan II 33213-65-9 0.10 4.0
116. &,4'=DDD 72-54-8 0.10 4.0
117. Eadrin Aldshyde T421-93=4 ¢ 10 4.0
118. Eadosulfan Sulface 1031-07-8 0.10 4.0
119. 4,4'=DDT 50=29-3 0.10 4.0
120. Endrin Katone $3494=70=5 0.10 4.0
121. Mechoxychlor 72=43=5 0.5 20.0
122. Chlordans §7=74=9 0.5 20.0
123. Toxaphens 8001-315=-2 1.0 40.0
124. AROCLOR~-1016 12674~11-2 0.5 20.0
125. AROCLOR-1221 11104=28=2 0.5 20.0
126. AROCLOR~-1232 11141-16~5 0.5 20.0
127. AROCLOR=-1242 53469=21-9 0.5 20.0
128. AROCLOR-1248 12672-29-6 0.5 20.0
129. AROCLOR~-1254 1.097=69=1 1.0 40.0
130. AROCLOR=-1260 11096-82-5 1.0 40.0

¥edium Watar contract Raquired Detection Limics (CRDL) for Pesticide HSL
Conpounds are 100 timas che {adividual Low Water QRDL.

‘vadium Soil/Sediment Contract Required Decection Limics (CRDL) for Pesticide
HSL compounds are 60 timas the individual Low Soil/Sedimenc CRDL.

* Uherever the term ~priority pollucamc(s)” is used in chis coatracc and i{n
aay rsfsrences cited {n this concract, it {s intended co mean “Hazsrdous
Substances List (ASL) Compound(s),” which include all compounds listed
in chis Exhidbic.

** Specific datection limics are highly matrix dependsnc. Tha detection
limics lisced herein are provided for guidance and may not always be

achievable.

Figure 3.3.4
(Continued)
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Dacaction Limits
Lov Water~ Low Soil/Sediments

Semi-Volatiles CAS Numbder ug/L up/Kg
10l. Indeno(l,2,3-cd)pyrane 193-39=5 10 3130
102. Dibenz(a,h)anchracens $3=70=13 10 330
103. DRenzo(g,h,i)perylene 191-24=-2 10 330

“Madium Water Coucrict Rlequired Detectiom Limits (CEDL) for Semi-Volatile
BSL Cowpounds are 100 cimas the individual Low Waetar CRDL.

dugdium Soil/Sediment Coutrasct Required Detection Limics (CRLL) for Semi-
Volacile HSL Comp~unds are 60 cimes ths individual Lov Soil/Sedimenc CRDL.

Figure 3.3.4
(Continued)
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VOA Percent Surrogate Recovery

Surrogate Compounds

Percent Recovery

(Approved recovery range) #137 #139 #140 #143 Method Blank
SURR~-1 (l.Z-dichloroetham-dA) 95 91 96 93 98
SURR-2 (benzene d6) 115 118 126 128 118
SURR-3 (toluene d8) 129 93 96 93 104
SURR-4 (p-bromofluorobenzene) 132 9l 95 92 108

Fiqure 3.3.5. VOA Percent Surrogate Recovery
BNA Percent Surrogate Recovery
Surrogata Compounds Percent Recovery
(Approved recovery range) #137 #139 1140 #143 Method Blank
SURR-1 (2-fluorophenol) 114 89 56 63 56
SURR-1 (phcnol-ds) 77 6% 40 50 41
SURR-3 (nittobc.nzo.nc-ds 77 56 48 58 51
SURR-4 (2-fluorobiphenyl) 68 61 57 66 58
SURR-5 (2,4,6-tribromophenol) 93 96 32 44 30
SURR~6 (urphnnyl—d“) 72 77 32 33 30
Figure 3.3.6. BNA Percent Surrogate Recovery
Pesticide Surrogate Recovery
Surrogata Compounds Percent Racovery

(Approved recovery range) #137 #139 #140 #143 Mathod Blank

Dibutyl chlorendate 87 83 93 84 90

Figure 3.3.7.

Pesticide Surrogate Recovery
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4.0 RADIOLOGICAL SURVEY RESULTS

4.1 INTRODUCTION

A radiological survey was carried out on this site as described in
Document NOOTSRR130013, "Proposed Survey Plan." Details of the radiological
survey methods can be found in Appendix D of this report.

4.2 SURFACE FEATURES SURVEY

4,2.1 General Surfaces Survey

A qualitative gross alpha, gross beta, and gross gamma survey of the
facility was carried out immediately upon our arrival upon the LEHR site. No
contamination or unexpected gamma fields were encountered. A1l contamination
on accessible surfaces was at background levels. Measurable gamma fields were
noted near the Co-60 ijrradiation field, the IMHOFF waste treatment facility,
and the AH-1 outside refrigerated storage at levels similar to those noted by
LEHR and DOE/SAN staff.

4,2.2 Statistical Surfaces Survey

A statistical gross alpha and gross beta survey was conducted on flat
surfaces as available. Please refer to Figure 4.2.2.1 for Tlocations of the
survey points. These survey points were located in a random-biased fashion
such that, based upon the judgment of the surveyors and information related to
them by LEHR staff, the most Tikely contaminated areas were given the heaviest
coverage. Fiqures 4.2.2.2 and 4.2.2.3 are graphic plots of the statistical
distribution of the data.
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Figure 4.2.2.1, Statistical Surface Survey Point Locations
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The slight spread in the data is representative of the varied surfaces
surveyed and not indicative of measurable levels of contamination traceable to
LEHR activities. While this initial assessment survey was not of sufficient
rigor to determine if the facility would meet release criteria, the distribu-
tion of the data is such that these surfaces appear essentially free of radio-

active contamination.

4.2.3 HVAC System Survey

A radiologic survey was conducted of the HVAC system outlets associated
with the AH-1 and AH-2 buildings of the LEHR compound. Please refer to Fig-
ure 4.2.3.1 for locations of these samples. Smear samples and survey (alpha -
and beta) meter readings were taken from the outlets past the HEPA - (not C;
Tabeled) filters in the cases where this was possible. Most of the stack
outlets were covered with a wire mesh which precluded any of our normal survey
techniques. No elevated readings were discovered with survey meters, but one
smear showed eTevated beta activity. The results were reported in Figures
4 2.3.2 and'17§’§,3 Insufficient activity was found for gamma spectroscope
analysis.

4.2.4 Surface Soil Survey

Soil samples were obtained from various Tlocations in the LEHR facility as
shown in Tigure 4.2.4.1. These samples were taken in locations which were
representative of the general area and have a good Tikelihood, in the opinion
of the surveyor, to retain radioactive material. These samples were screened
for both gross alpha and gross beta. No indication was found of any contami-
data is given in Figures 4.2.4.2 and 4.2.4.3.

4,2.5 Field Drain Survey

The proposed survey plan called for an investigation of possible contami-
nation in the field or storm drain system which services the out-of-doors
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Figure 4.2.4.2. Surface Soil Survey Gross Alpha Data Plot
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-,

areas around the dog pens. This effort had to be abandoned due to both a Tack
of access and an unsuitable environment. The drain covers had been paved over
in the past, and several hours were expended in an unsuccessful attempt to
open one of them. A visual inspection revealed running water in most of these
drains and a Tack of sediment. It is conjectured that the water came from the
sprinkler system over the dog pens, which is controlled by a thermostat; when
the ambient air temperature reaches 95°F, a sprinkler system is turned on to
provide cooling to the dogs in the outdoor pens. It was our opinion that any
contamination that might have entered the system would have been long since
been flushed away. A sediment sample was obtained at the outlet of this
system and measured for gross alpha and gross beta activity. The sediment was
of a rocky sand nature and would not be expected to have absorptive quali-
ties. Sediment samples were also obtained downstream from the discharge point
of this system to Putah Creek. These samples also showed no activity above
normal background Tlevels. In short, the results showed no contamination.
Please refer to Figure 4.2.5.1 for locations of samples.

4.2.6 Dog Pens

The dog pen areas initially appeared to be an area of great interest, but
information uncovered in conversation with Dr. M. Goldman led us to understand
that the dogs were kept indoors in cages during the ingestion cycle of the
experiment and were held for 30 additional days until the mobile activity in
their systems was eliminated. Because of this, the amount of activity which
could have been deposited was much Tess than expected. Dr. Goldman related
that the LEHR staff had calculated the highest possible value of approximately
200 microcuries per pen for the animal with the highest activity. With water
from rainfall and the dog cooling system, most of this activity would have
migrated from the near surface region of the soil by this time. Measurements
made on samples from this area tend to support this conclusion.
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Measurements of gross alpha and gross beta, as well as near surface (clay
under 8-12 in. of crushed limestone in dog pens) samples were obtained. These
data are included in the statistical survey and near surface soil survey
sections; no measurable contamination was found.

5?‘ 4.3 SUBSURFACE SOIL STUDIES

i

/

/s

As the planning progressed, the primary area of concern was thought to be
possible waste burial sites. A contract was let to Anderson Geotechnical of

Roseville, California, to obtain subsurface soil and debris samples. The

—_

—————

equipment employed was a truck-mounted drilling rig with aqlg:iﬂl_hglyaijggzi

auger. The equipment available was capabte of-20-ft-deep holes.

Little information on the Tlocation, number, depth, or contents of the
burial sites was known at the time of the planning effort. Figure 4.3.1 shows
the anticipated subsurface features based on this verbal information.

Based upon this information, the survey plan called for sample holes to
be dug near the locations shown in Figqure 4.3.2, Figure 4.3.2 shows the
actual location of the holes drilled; in some cases, the drilling equipment

could not access the areas planned.

A11 of the water, sewage, electric, telephone, and compressed air Tines

were buried, and there was little information available concerning the Tloca-
tion of these underground utilities. In three cases, the holes planned were
in an area of many lines, and no information as to their exact location and no
substitute Tocations to examine that feature was found. As such, these three
holes were not bored.
- Due to the uncertain information available as to the depth of the buried
features, a mix of 5- and 20-ft-deep holes were bored. The depths and numbers
of holes were based upon both our early information and budgetary con-
straints. A total of twenty-nine (29) holes were bored with eighteen 5-ft-
deep, ten 20-ft-deep (see Figure 4.3.1), and one 10-ft-deep hole.
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Based on acquired information future holes should be no less than ten

feet deep.

One of the Rockwell survey team members was present at the boring opera-
tion to watch for sudden changes in soil consistency and debris as well as to
monitor for radioactive contamination. No contamination was measurable with
the hand-held survey instruments used. Soil samples were obtained from the
soil at the depth of approximately 6 im.5 and at 5-ft increments thereafter.

These soil samples were screened for gross alpha, gross beta, and analyzed-by
D —— - e ——

gamma_spectroscopy.

The sample holes were filled by the LEHR staff after our departure.

4.3.1 Burial Grounds and General Area-Survey

The results of the gross alpha and gross beta are presented graphically
in Figures 4.3.1.1 and 4.3.1.2. No significant departure from background was
observed in this screening of the soil samples. This method of analysis has a
sensitivity of approximately 50 picocuries (pCi) per gram of soil.

Each sample hole was scanned for gross beta and gross gamma activity.
Due to the fragile nature of alpha radiation detection probes, and the short
range of alpha in air, no attempt was made to scan for gross alpha. A T-min.
gross gamma count was taken as follows: 3 ft above the center of each hole
(POPULATION 1), in the center of the hole with the crystal just below the sur-
face of the undisturbed soil (POPULATION 2), at a depth of 5 ft (POPULA-
TION 3), at a depth of 10 ft (POPULATION 4), at a depth of 15 ft (POPULATION
5), at a depth of 20 ft (POPULATION 6). The breakdown of the data into popu-
Tations was to enable an easy viewing of the graphic plot of the data.

The gamma scanning procedure Tlocated gamma activity in two locations.
This data is presented in Figure 4.3.1.3. Data from the 1-min. counts is pre-
sented by population in Figures 4.3.1.4 through 4.3.1.9. The combined data is
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presented in Figure 4.3.1.10.
was found in any of the bore holes.

I ——

No indication of increased -pure beta- activity

Depth of
Hole Depth Elevated Reading Max imum Max imum
No. (ft) (Y or N) Reading Reading
1 - No change Y B
2 No change v 8
3 ‘ No change Y B
4 No change Y B
5 No change Y B
6 5 No change v B
7 5 No change r B
8 5 No change Y B
9 20 No change Y B
10 20 No change v 8
11 - 20 No 10-74K
12 20 No 10-14K \ A A )
13 20 Yes 60K cpm 10 ft oCar U~
14 5 Yes 40K cpm 3.5 ft 9 €
15 No chang ‘v 77 &
16 ! No change '
b : No change NOT TAKC
18 .3 No change Y B
. 19 5 No change Y B
20 20 No change Y 8
21 5 No change Y 8
22 5 No change Y 8
23 10 No change v B
24 5 No change Y B
25 5 No change v B
gg 25 o caange 15 ?4K '
0 No change 12-
28 20 No change 12-14K ' \© O C~
29 20 No change 12-14K C:::°;1"'“j 7‘3/
30 o No change 12-14K
31 10 No change 12-14K
32 5 No change 12-14K

Figure 4.3.1.3. Bore Hole Survey Gross Gamma Scan Data
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Figure 4.3.71.7. Bore Hole Survey Gross Gamma Count Data
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As can be seen from Figure 4.3.1.3, a sharply increased level of gamma
activity can be found in bore holes 13 and 14. Both of these locations are
shown in detail in Figure 4.3.1.13.

Gamma spectroscopy was able to determine that there was some amount of
-137 activity in hole 14 and probably some other gamma-emitting radio-
nuclides. Exact determinations of the quantities involved—are—impossible due
to the unknown geometry and amount of shielding. Further excavation is
required. A contribution to the Tow-energy portion of the spectra by the
scattered radiation (sky shine) from the Co-60 irradiation field contributed
greatly to the uncertainty. Due to lack of time and a desire to prevent pos-
sible spread of contamination, no attempt was made to uncover the source of
activity. A printout of the spectral analysis is reproduced in Fig-
ure 4.3.1.171.

The activity in hole 13 was much more difficult to characterize by gamma
spectroscopy due to the increased depth and the physical size of the HPGe
detector system (see Figure 4.3.1.11).

4.3,2 Leach Fields

~

~.

The early information which we received was incomplete and inaccurate.
Figure 4.3.2.1 shows the location of the fields as best we knew at the start
of the project. Figure 4.3.2.2a shows our best information at the end of the
survey effort. We have been unable to confirm either the exact locations,
configurations, or construction details of any of these features. Some of the
leach fields may have been used to dispose of nonradioactive waste, but this
initial assessment effort was not able to Tocate such information if it exists
in written form. Verbal communications with LEHR staff indicate such data may

not exist. . ///

[
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UC DAVIS SIDE B OF CANBERRA TAPE AS SEEW ON ENERGY COMPENSETED SERIS 85

TAG N0, = 123 RIHL-CANBERRA-FH BADGER PAGE
ADCH ! LIVE TINE = 1000 TRUE TINE = 1002 17 OCT 84 13:57
COLLECTED AT: 13:20152.7 17 OCT B4

RO1N ! FROM 231.8 KEV TO 246.7 KEV
PEAK AT 242.6 KEV FUHN= 1.7 KEV
INTEGRAL= It RATE= 3.1 CPS
AREA= 507 ERR= 25.22

PB-214 AT 241.9 KEV = 0,14346E23 UCI

ROI® 2 FROM 374.1 KEV 7O 391.0 KEV
PEAK AT 583.3 KEV FUHN= 2.9 KEV
INTEGRAL= 568 RATE= 0.5 CPS
AREA= 289 ERR= 15.2%

—HR—G9——AT—B 5T O HEV—o—— v 4R E—3 24

ROI® 3 FROM 401.0 KEV TD 413.9 KEV
PEAK AT 404.6 KEV FUHN= 2.3 KEV
INTEGRAL® 377 RATEs 0.5 CPS
AREA= 267 ERR= 17.22

ROM 4 FROM 434.3 KEV TO 44%.J KEV
PEAK AT $39.3 KEV FUHNe 3.9 KEV
INTEGRAL= 712  RATE= 0.7 CPS
AREA= 433 ERR= 10,42
C5=137 @ ool Kev
A=At P Pt N 4G G I—U
ot t WAl b S Pl f ) -1 JA SR ~03- UG }

ROIA 5 FROM 1155.2 KEV TO 1181.2 KEV
PEAK AT 1178.0 KEV FUHi= 3.1 KEV
INVEGRAL= 222 RATE= 0.2 CPS
AREA= 0 ERR= 33.32

ROIN 4 FROR 1324.7 KEV TO 1341.2 KEV
PEAK AT 1331.7 KEV FUlne 0.4 KEV
INTEGRAL® 105  RATE= 0.1 CPS
AREA= 3 ERR= WL
A Ve I —
ROIN 7 FRON 1451.7 KEV TO 1448.2 KEV
PEAK AT 1440.3 KEV FUHNe 7.9 KEV
INTEGRAL= 940 RATEs 0.9 CPS
AREA= 904 ERR= 3.462

K-40 AT 1460.8 KEV = B 439E—04+bEl

Figure 4.3.1.71. Bore Hole 14 Gamma Spectrum
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Spectra too degraded
due to depth of activity
for analysis

Figure 4.3.1.12. Bore Hole 13 Gamma Spectrum
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Some prints we were able to obtain were not identified as "proposed," “as
planned," or "as built."” Verbal information did not agree with these draw-
ings. We were not able to either confirm or deny the existence of any of the

leach fields.

Figure 4.3.2.3 shows details of the Ra-226 injection wells which_ points
to either an unknown feature or a leach fjgl& As tnjs detail was not dis-
covered until after the departure of the hole-boring crew, no samglg;_Q!g[e
taken near this location. Field (1) is the field most LEHR staff remember, .
although there is some question as to its shape and exact Tocation. Field (2) ;
was identified to us by Mr. Holdstock of EH&S, but was marked on no drawings.
Field (3) was marked on one copy of a blueprint by a bold pencil stroke with
no explanation, but the detail in Figure 4.3.2.3 would tend to confirm its
existence. Their existence was remembered by the LEHR staff questioned but
could not be confirmed in our survey due to either buried pipelines in the
area in one case (eastern field) or a building now over the area (southern/
field).

4.3.3 Radium Injection Wells

The exact construction details of these injection wells were not
obtained. There seems to be a lack of information as to the quantity of
radioactive materials which were injected into this system.

There is a 4-in. line feeding a distribution box for three injection
wells. More beta activity was noted in this structure than in any of the
three injection well structures. Three lines Teft the distribution box in the
direction of the three injection wells. The south well had an additional
3-in. Tine going south (see Figure 4.3.2.3). The wells are spaced approxi-
mately 20 ft apart and are covered by a concrete “"manhole* Tike structure.
The depth of the wells is not known for certain. One staff member stated that
they were 120 ft deep, and another related that they were 30 ft deep. The
Tatter seems more reasonable as we discovered (from Mr. Bi11 Eaton of Eaton
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Well Drilling, Woodland, California) that the university draws irrigation
water from an aquifer approximately 90 ft deep, and that 20- to 50-ft-deep
leach pits were common for sewage disposal in the area during the late 1950-
1960 period. The wells are said to be filled with 4- to 8-in. cobbles.
Because of the outdoor setting, an overlying mat of partially decomposed dog
hair, and the desire not to spread contamination, this was not verified.
Entry to the well pits proper was not attempted due to both a Tack of special
Tadders and special safety equipment, and because there was a certain
knowledge that contamination was present.

Please refer to Figure 4.3.3.1 for the Tayout and Tocation of the radium
injection well system. Please refer to Figure 4.3.3.2 for details of the
near-surface portion of the radium injection well system.

Contamination was measured on the underside of the manhole covers as
noted in Table 4.3.3.1.

TABLE 4.3.3.1

MANHOLE COVERS - DIRECT READINGS
(dpm/100 cm2)

Cover Alpha Gamma
North 3,000 1,250
Middle 20,000 12,500
South 1,000 BKG

No measurement of smearable contamination was made due to the heavily
rusted condition of the manhole cover surfaces, but in the course of handling
these manhole covers, it was discovered that the contamination was indeed
transferrable,

The cause of this contamination is not known, but as the walls of the
pits were contaminated, it is conjectured that the pits have experienced high
water (contaminated water) levels in the past. This theory is supported by
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the fact that this system was abandoned because it did not perform to the LEHR
staff's expectations. It is not known if contamination has migrated from this
area in the past. A relatively recent layer of blacktop has covered the old

road surface in this area covering any contamination and preventing further /
survey efforts.

4.3.4 Radium Septic Tanks

Just south of the IMHOFF waste disposal building there is a series of
four septic tanks. The covers were covered with an 8- to 12-in. layer of
2- to 3-in. rock, and tightly rusted shut. After considerable effort, they
were opened for inspection. LEHR staff related that the flow of excrement was
from the eastern tank through all four tanks to the west tank, and then out to
the distribution box. Please refer to Figure 4.3.4.1 for the location and
layout of these tanks.

Upon opening, water was discovered to be within approximately 3 ft of the
top of the tank. A Targe steel ‘“butterfly valve* 1ike construction was
lTocated in the passageway to the tanks. The function of this “value® is

unknown,

0f the four tanks, the water level in tanks "A" (easternmost), "B" (the
next in line), and "D" (westernmost) was very similar. This would be expected
of a gravity-fed, flow-through system. Tank "C" did not appear to contain any
water at all. Due to the relatively high levels of both contamination (deter-
mined by ion chamber) and stench, further investigation was stopped. The only

-reason that has beeaoffered for this difference in water Tevels is a Teak of .
_some—-sort—in—tank-"C," No holes were drilled to investigate this matter as

the drilling crew had departed before this matter came to 1light. Addition>\(

ally, location of the tanks, buildings, and sidewalks in the area would make )

sample drilling (support and clearance for the drilling rig) quite comp]icated.,{
{
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4.3.5 IMHOFF Facility

The IMHOFF facility is shown in Figure 4.3.5.1. This is a waste treat-
ment facility described in Appendix A. Samples were obtained from the
settling tank. Samples were not obtainable from tanks earlier in the waste
processing stream due to heavy equipment being stored over the access
hatches. This sample was sent to EAl in Richmond, California, for
Plutonium-241 analysis. While no measurable quantities of Pu-241 were
detected, there was a significant quantity of Radium=-226 and/or Strontium-90
in the samples as determined by both ion chamber and gamma spectroscopy
surveys, These samples exhibited a beta gamma field of approximately 2 mrad/h

on contact.

e

Lack of access prevented boring test holes around the facility to attempt
to find possible leaks from the outer ring of tanks. Two test holes were
located between the IMHOFF building and the radium septic tanks on the south-
east corner and the southwest corner of the IMiOFF..

.

A smear survey was made on this facility, and low levels of removable
contamination were found.

4.4 RADIOCHEMICAL ANALYSIS (SAMPLES FOR FURTHER ANALYSIS)

Chemical Analysis
1. No. 139 Hole 30 Depth = 20 ft
2. No. 140 Hole 29  Depth = 20 ft

3. No. 143 Hole 9 Depth = 20 ft
4. No. 137 Hole 2 Depth = 20 ft
AI-DOE-13504
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Radium-226 and Strontium-90

1. No. 81 10-ft level Hole 29

2. No. 82 15-ft Tevel Hole 29

3. No. 83 20-ft Tevel Hole 29

4. No. 86  10-ft Tevel Hole 3“

5. No. 87 15-ft Tevel Hole 30

6. No. 88 20-ft level Hole 30

7. No. 91 10-ft Tevel Hole 31

No. 144 Bones from No. 13
9. No. 106 10-ft level (Hole 13 grab sample composite)

10. No. 112 Dog pen samples

Plutonium
T. No. 135 IMHOFF Tank C
2. No. 134 Distribution box
3. No. 136 Ra Septic Tank A
4, No. 81 10-ft level Hole 29

Carbon-14 and tritium

1. No. 39 10-ft Tevel Hole 13
2. No. 43 5-ft level Hole 14
3. No. 24 10-ft Tevel Hole 10
4, No. 10 5-ft level Hole 6
5. No. 4 5-ft level Hole 2

The results of these analyses are tabulated in Figure 4.4.1.

4.5 DEEP WELL SURVEY POINTS

\\
~

To investigate possible migration from the Ra-226 injection wells and the \
IMHOFF/septic tank system, two 70-ft-deep wells were drilled by Eaton Well

ph \

Dril nd ia). The Tocation of the wells is shown in_
Figure 4, Two exploratory shafts were drilled. The information obtained !

will aid in the design of a monitoring well to check for migration from the

Radium Injection wells.
Al-DOE-13504
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ANALYSIS OF 8 SAMPLES FROM ROCKWELL INTERNATIONAL

EAL C~  rilion

Customer EAL 1ue B 236R, s0gy 2eipy
Sample Nos. Dissolution No. pCi/gram = 1 0 (2)
4 dA 2e v 508-16 <16 142 = 16
10 uer b05*" 508-17 29 + 48 208 + 56
2% Hae w@uf’ 50818 <19 156 ¢ 44
39 ~~ue 3@ 0/ 508-19 1,160 = 171 ¢ 14
43—usew 2 ¢’ 508220 79 + 4 137 ¢ 14
8l-# aa 10" 508-1 0.204 £ 19 0.336 * 16 <50
82 4547 508-2 0.425 £ 16 0.079 = 60
83 1967 5933 0.431 £ 13 1.71 = 4
86 M 10 @ iaff S08=4 0.7546 £ 11 0.095 ¢ 56
87 w1y @ i 508-5 0.550 = 13 0.13 ¢ 42
88 wie o 20 508-6 0.507 ¢+ 11 0.17 + 27
91 M3 @ 1o’ 508-7 0.469 = 17 0.20 ¢ 62
106 Ay @ 1o 508-8 3.94 ¢ 3 0.909 ¢ 6
112 Deifes v 508-9 0.431 £ 12 0.852 = 6
134 Dideoution Gov 508-10 <50
135 Tmheff Taak 3" S08-11 <50
136 AmsepTe Tean <7 50812 <50
144 Reees o o 4.1 S08-13 2.35 = S 17.3 ¢ 2
Blank (a) 508-15 <16 <25 <0.20 <50

(a) Blank is pCi/sample.

Figure 4.4.1.
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A.H.2

Figure 4.5.1. Location of Logging Wells
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Effluent from these holes was monitored for radioactive contamination,
but with the interference (by dilution) of the drilling mud, no reasonable
\resu]ts were expected.

The data expected was an "E-Tog" which measures the permeability of the
soil so that a properly-designed monitoring well may be installed if the need
is seen. The "E-logs" are shown in Figures 4.5.2 and 4.5.3.

, To prevent contamination of ground water with surface water or between

Tayers of ground water, the wells were sealed with cement upon completion of
logging.

5024Y/dm
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5.0 DISCUSSION

5.1 CHEMICAL CONTAMINANTS

The results of chemical analysis on four (4) soil samples show no chemi-
cal contamination.

5.2 RADIOACTIVE CONTAMINANTS

As a general statement, there is no apparent loss of control of radio-
active materials at the LEHR site.

There has been disposal of radiocactive materials on this site in the
past. Traces of tritium, Carbon-14, Strontium-90, Radium-226, and Cesium-137
were found in areas suspected as radioactive waste burial sites. Significant

amounts of Radium-226 and/or Strontium-90_have been disposed of by leach

fjgI§E:]5i£:353ggiigg__ﬁgTiéL;;gpgygsgtat1on as to_the exact locatfons or
qqintities of materials disposed of has nof been located.
\_/. .

There is some question as to which programs were responsible for the waste\‘\
buried. While the waste was undoubtedly buried in conformance with the stan-
dards applicable at the time, the waste burial site does not conform to
current standards in terms of either trench construction, licensing, or docu-
mentation. With the possible exception of tritium, no measurable migration of

activity has been located.
PSS

Rl

The values recorded for H-3 (tritium) contamination present a question.
The values quoted represent picocuries of tritium per gram of soil, and while
not at a hazardous level, are five to ten (5 - 10) times higher than expec-
ted. The values obtained are relatively closely grouped, suggesting some
relationship among the samples but these samples were so widely spaced around
the physical plant of the LEHR site that the possibility of cross contamina-
tion was investigated. A-careful review of procedures at both ESG and EAL did
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not reveal even a possible source for the cross-contamination. In this Tight,
we consider these tritium analysis values open to some question.

Further study to define the potential problem areas is indicated before
definitive action plans can be reasonably made.

5.3 PROBLEMS ENCOUNTERED

Many problems were encountered in the course of this survey. These
problems with suggested solutions for possible future efforts are noted below:

"0 Lack of Communication
Need Full Time DOE and LEHR Liaison for Survey Team

V0 Lack of Documentation
Need Comprehensive Study of Site Documents

v 0 Gamma Field from Co-60 Irradiator Field High Backgrounds
Shut Down Co-60 Field

o Meteorological Considerations (Careful scheduling of survey effort)
(High Temperatures Caused Instrument Malfunctions)

These problems were discussed in the proposal survey plan with the excep-
tion of meteorological considerations, and had greater impact upon survey
performance than expected. With careful planning, the effect of these

problems can be minimized in future efforts.
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APPENDIX A

FACILITY DRAWINGS AND INFORMATION
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APPENDIX A.T1.1

DOCUMENTS FROM DOE-SAN
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U. €. DAVIS RADIOLOGICAL PROBLEM

o 1In 1955, it was proposed by U. C. Davis to study the long-term effects of
continual ingesticn of SRV contaminated food in beagle dogs.

The study was broken into two (2) parts to accommodate the large number of
dogs required. The feeding of the first group was done during the late
1950's. The second group was fed during the late 1960's. The study consisted
of dogs from conception {through the dam) unitl 18 sonths of age. A third
group of doge was injected vith RA226 to act as a control group for the study.

o The SR90 dogs were housed in cages in Bldg 3750 during the feeding period.
After the feeading period, the dogs were put into pens adjacent to the build-
ing complex. Excreta from the dogs was washed from the cages each day into
an imboff settling tank. Waste vater was pumped from the imhoff tank through
resin filters into a leach field locatsd near the imhoff building. Excreta
from tha dogs while in the pens uas collectsd, if possible, otherwvise it was
allowed to wash into the soil. This system is still in uss today.

J
o The RAZ26 dogs were housed in cages in Bldg 3846 during the infection pericd.
Thess dogs were also later put into the holding pens next to the building
complex. Excresta fros the dogs vas washed from the cages sach day into a ,
septic system and then into three (3) 100 to 150 foot vertical leach wells. -
Excreta from the dogs while in the pens was collected, if possible, other-
wige it was allowed to wash into the soil. The vertical wells are not in
use at this time. Waste water exita into the facility sewar systesm.

0 The area the dog pens occupy was usad in the early 1950°s as a radicsctive

dusp site for University experiments. The type and amount of radicactivity
is unknown at this time.
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76

FORM 719-P REV, 2.80



OTENTIAL PPOBLEMS

o Cage and drainage system contamination for each building.
o Laboratory and stroage facility contamination.
o Waste treatment facilities contamination.

o Contaminated soil around the treatment facilities because of structual
cracks in the concrete structure.

o Contaminated soil in and ;round the leach fields.

o Contaminated ground watsr from activity in the leach fields.

o Contamination in area sewer lines.

o Contamination of dog pens.

o Soil contamination under dog pens from dogs and from earlier wasts burial.
o Contamination of drainage ditches from dog pen rain run-off.

o Possible non-radicactive hazardous waste contamination of soil and facilities.

ACTIONS

o Provide funding for the development of a sits asssasssent plan that will
asscss the radiological and non-radiclogical levels of activity,
COST: $3R to $3K

o Require U. C. Davis to provide to SAN all pertinent files, ne.tu.ty plans,
purchasing roeo:dl. ground water information, ete.

o Secure a contractor to develop a plan and submit to SAN for approval.

o Provide funding for the eite assessmsnt and sacurs a contractor to under-
take ths assessment. COUST: $25k - $40k
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gt € A I 3 Bt IR Sealiglc
. T1ha d G)en Jones f e Northwest Lu;oratx'
" 77, /re9arding the status of. our Ra°<®.Sewage system: . As you know we have -
s ¢ with your departmental assistance provided DOE with:a decontamination 257
" plan” and cost estimate.:Mr, Jones, ~John Brehm and Richard Coy'wﬂl-bg’g,{:‘—‘- T
TR T Y.
<

= -1n the area February 9,<1982‘and would 11ke to'stop by to familiarize N e
themselves with the site and to assess the magnitude of .the, potential
sproblem. I would 11ke .to have_Evelyn Profita here ‘to meet with these
"people ‘and to have your file qn the previous activities.. :1 do not = .
belfeve that any significant action will be taken since the contaminated
At a %

~System does not {nterfere ‘with the ‘labora_tory:,’s Joperatiorn nor {s
- A ‘»ar 4 =t R R PAGH
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NUCLEAR WASTE SPECIALIST

SYSTEM DESIGN = PACKAGING » TRANSPORTATION  DISPOSAL

NUCLEAR SPECIALTIES
P.C.Dox 2109

Turlock, Calif. 95380
(209) 667-1102

Aug. 21, 1979

Mr. John H. Hickman R.S.O.

University of Calif.

Office of Enviromental Health & Safety
Davis, Calif. 95616

RE., D and D of Radioactive Waste Retention Tank, Radium
Dry Wells, and Leach Line Ditch.

Dear Mr. Hickman:

Cost schedule covering work to be performed was exclusive
of removal, transportation, and unloading of the retention
tank. Heavy Transporters of loa Angels, wvas contacted

for bid estimate. Their quotation for loading, trans-
portation, and off loading at Nuclear Engineering , Beatty,
Nevada is $62,399.92. Bid estimate is firm till Aug. 1980.
Total cost estimate of the entire project is $288,845.99.

Should you have any questions please call me.

ely,

Obert h. s er

RAS/xfs
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' . C e LOF B el P
' October 1970

PLANNER/DEPARTHENT COORDINATION SHEET

Dept. é}_EC‘ ﬂg,.l(,ﬁ Llog N°-a"Z’Z Planner C'ou/bw éc Contact L .-

Froject Tt e T o7 o P b B <omites. 211 AL Date _/-> % ~

Scope .of Work "o s %o Ty g G AT Ty o [t PR,
2- S Vbl o o~ ) fonhn bl vl R0 x, /.J¢7‘f,l / ((/

Clovn eut HBeac Kyl wf Pawed Rog it SAL G

Cognm T s s /K g d fmuf~K A;%Sz,;[ﬁg42n”",;

é:ﬁﬁ‘ Cppg NS YR C'l% e .

Ordcr.of Magnitude Cost for Work Requested g/jﬂid’g

Docs the department have sufficient funds to complete the work requested?

Remarks = L/A(.'?L lo!,o/,'o«/ 2C /.'/,'/g‘,‘LA S, A e NSO s

A sia g sl 7 [-.cﬁ:.; IS A /GSLX//;*‘J of Edes o bn -
— v -~

P L s AT T 0L nvcauptiony whichA spay S0
- L
/7

foiv 22T
Approvals By: ZZ{ Y/

Buildings A&E Fire Env. Health Space ytilities

I agrece with the preliminary plan as presented; the cost for the work requested is
reasonable, and I intend to proceed with the project.. I request that the Planning and
Engineering Branch of the Physical Plant Department proceed to develop a detailed

vork plan anrd material list to complete the work. jo27
. /‘I ',/ A
x>Z N LBy
& Signature

Attachiments

AI-DOE-13504
82

FORM 718-P REV, 2-80



Department of Energy

San Francisco Qperations Office
1333 Broadway

Qakland, Caiifornta 94612

April 17, 1979

Dr. Marvin Goldman, Director
Radiobiology Laboratory
University of Califoraia
Davis, Califormia 95616

Subject: DECONTAMINATION AND DECOMMISSTIONING OF RADIOCACTIVE WASTE
RETENTION TANK, RADIUM DRY WELLS AND LEACH LINE DITICH

Dear Dr. Goldman:

The subject facilities have been added to the DOE surplus ouclear
facilities list. At this tims additional informarion oa the facilities
is peaded for inclusion in the 20-Year Plan for Decomnissioning of DOE
Radiocactively Contaminated Surplus Facilitiass.

Please provide us with the following information in a five or six page
technical report by May 31, 1979.

1. Descr:ption of facilircy.

2., Description of dacommissioning mode (dismantling).

3. Tasks to be performed for the project (plan, site preparation, etc.).
4, Cost and schedule for work to be accoxplished by fiscal year.

5. Manpower requiremants (man years of afforrt).

6. Projected occupational expoeuras.

7. Projected. voluma of waste to bes generated in !ee:3 (concrete,
s0il, stesl, etc.) and disposal site. ‘

§. Referance any other documents which provide information about the
decoraissioning of facility (i.e., surplus facility questionraire).

-
~

RADIOBIOLOGY - s
LABORATORY o

: ED\]EGE[IVE

APR 13 1979
A Pa
7|8|9".’L:,1' 41,2,34,5:6

A
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Dr. Marvin Goldman 2 April 17, 1979

You will note that soms of the information requested was developed for
the suroius facility questionnaire which you provided oan July 28, 1978.
Information may be abstracted from this document for this report.

If you have any questions, please call Hattie Carwell at FIS 536-7963.

Sincerely,

Al .

C‘_‘,‘/,‘_ (__C.’K‘,‘—w.a‘-‘——\
/

Calvin D. Jackson, Director
Eagvironment and Safety Division
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Tauy LABURA tURY

23 Octaver 1970 g'ﬁ jw?,_«..f—u

T0: The Files L
r .yf"
FROM:  Marvin Golddap || %,

SUBJECT: Radioactivity levels in septic tanks connected to AH-2
/e /,,/’/’. :n/,.u)

The subject tanks have been used for the past 7 years in the radium adminis-
tration phase of our experiment. Several millicuries of radium-226 have
entered these tanks and it would be to the laboratory's best interest at this
time to determine what the total content of radium-226 is in these tanks.

In view of the several years worth of nonradiocactive excreta that have most
recently gone through the system, there is a very good chance that a substan-
tial fraction of the initial radium content has been flushed on into the dry
wells,

The amount remaining in the sludge at the bottom of the tank, in suspension
in the fluid mass or entrapped in the floating mat of organic material on the
surface of each of the two tanks should be evaluated at this time, as these
represent a level that is not likely to change markedly in the foreseeable
future uncer current operating conaitions. The imminent contract to connect
the influent lines to a new sanitary sewage system requires tapping into the
line between AH-2 above to the septic tank and it is of importance to the
University that we verify the level of radioactivity presently in this line.

1, therefore, recommend that any clean-out traps that exist in the line be
opened at a convenient time during the day and samples be obtained of the
sludge and coating and/or contents at these points, particularly those closest
to the point of line interruption and valving to the new system. There is a
chance that we may be requested to transfer the contents of the two septic
tanks to some outside burial pit, althrugh my present inclination is to leave
the tank in its present state. An intelligent judgment can be made about the ¢/
disposition of the system after the above-mentioned samples within the septic
tanks as well as the infiuent lines have been obtained and measured. It would
also be useful to determine what the volume in the two tanks is at the current
time, as well as what their capacity is.

MG:kjr
cc: J. M. Stone
H. &. Wolf
L. K. Bustad
4
UNIVERQTY AF CALIFORNIAwiistrerhend (o § he p veel Oevore
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A\ |
- April 5, 1965

Dr. A, C. Andorsen

Ro: Sub-Surface Sownge Uisposal Systom for
New Wing of Animal Quartors,

P PN e
st
As per our conversation of March 30, 1965, with Dr, Goldman, ve
wish to expross our concern over tho froquent failures of the seepnre
pit system dosipned for azccoptance of wasto from the second incdoor
animal unit, It now appoars that the septic tank sys:om is function-
ing adequntely, but tho damnpe done to tho pits during the time of the
septic tank fatluro, is still causing trouble. It occurs to us that
the ultimatc solution wmny bo the installation of a more adequote sub-
surface drainage system, llowever, wo focel that heforc going to this
oxpenie, some woru inforation shculd be gathered., For this reason
we ask that you institute the following system of tests and controls:

1. Re-charpo the threo seepage pits with concontratod
sodiun hydroxide as befors, to determine how long
it will take for the pits to sesl up apgnin,

2. Institute a sampling procedurn for the doterminntion
of R,0., vremovnl and suspended solids removal from
tho sentic tauk systen, Ke sugprst that samplesbe
collocted from the influont portion of the tamk and
from the distribution box each Mowday, Hednesdny
and Friday imtil a pattamm can be observod,

3, Establish a routine inspoction program cf tho aystem,
including doterminacion of the wster level in tho
pits by monns of the tdepth ganpes provided Ly the -
contractor. Inspection can be accomplished nt the
tine af the snwple collsction, and shomld inchinle g
deterrination of the denth o€ the wat in the €irst
cowpartmont of each tank, ohsorvntion of tho water
lovel in tho s2cond commertment in relatinn to the
elovation of tho outlot T, vorification of water
flow through tho distrilmeion box.

In this way, we believe we can be rssured of tha prepor funetion-
ing of the septic tank co as to prevent damage to future systewe,

) LT e e
- Richard S. Holdstock, R.S.
RSl db
cc: Or, Marvin Goldman
AI-DOE-13504
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DAVIS: SCHOOL OF VETERINARY MIDICI:
September 4, 1963

TOt Fred Cooper

FROM: M. Goldman

SUBJECTt AEC Project Waste Disposal

In the light of our current expansion, we would like to review some aspects

of radicactive waste disposal with your office and obtain your comments on
certain proposals.

\ / l. Current status - Only 5r”% vastes are being produced by our dogs. Waste
treatment plant operating on a 20 day cycla is discharging about
\ ' 5-T0"1c"Sr"" ‘per year to the laaching field following ion exchange. Ex-

'~\\ penided resins are disposed of commercially.

2.(Future status - A, Waste trug:ment plant will accelerate discharge rate
and deposit about 10-15 yc sr® /year from a 10 day cycling period.

/' B. After feeding period of sc*?, dogs will be maintained

/ in outside pens on non-radioactive food. Their body burdens vul’ge-
crease causing surface contamination at a maximum rate of ) ,c Sr /da.

' Half of this will be urinary and deposited on tha soil. Half will be
fecal excreta which is removed daily. Thus over the 4 year effective pen

\ period, an average of 500 yc/yr of urinary sr’° plus 500 yc/yr feces are

to be considered.

N.B. The project site now contains about 800 yc 5r*° as a result of at-
mospheric nuclear detonations. (About 200 ,c on pen surface area).

C. It is proposed that the daily fecal waste (about
35 Kg/da) be buried in an.appropriate sanitary ditch without radiologic
safeguards being imposed. Decomposition will result in an essentially
massless "vein” of Sr’° at this site. If tadiologic rules prevent such
handling, it is alternatively suggested that the waste be segregated
with the 3 highest levels receiving specisl handling. (These will com-
tain 907 of the waste in about 1/} the total volume).

. ~

3. Ra"?® Injections. N
A, A similar series of dogs [(180) will each receive 8 \‘
equal Ra%* injections over a five month perikd. ring this time they

will be confined in special cages. Of the total 5.3 Mc Ra°7® injected
about 3.5 will be excreted and must be disposed of, (Ret = 0.8t™%*),
If all concentrated, weste would emit ~ 30 R/hr at 1 comt)

. B. Cleaning cages daily will produce a minimum of
27,000 Liters of waste. Add ons l/dog/da for vashing and yield is
60,000 g'é&o‘ at 0,7 yc Ra/l; enough to £111 530-30 gallon drums
(@ $48 ea) fora cost of $25,500 plus labor.

C. It ias proposed that daily fecal waste be manuslly
removed and packsged for offsite burial. (180 dogs x 200 g/de/dog)
~ 40 Kg/da. Urine will be collected in 30 gal drums. Cage washings
will be collected in a separate 10-15,000 gal septic tank for ultimate

Al-DOE-13504
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disposal or discharge based on level. This could be processed by lon

exchange and the effluent discharged und -the resin
disposed of off site.

{/’ D. Since soil conthins 1077 g Ra 7% per g soil

na:uul.lh if concentration is woiquu of long leach lines, '
soil Ra content would not be seriously ratsed. An acre foot of soil

contains ~ 2 x 1¢® Kg soil or about (2 x 10’ 21077 g Ra) 5 10° gRa =
1 Mc Ra’®®/acre foot. Over the lO yesr project life spang, the urinary
Ra®®® deposited on the 2 acrea of pen surface (to a foot depth will be
about 500 yc Ra*?® or one half of vhat is present now. This is an upper
limit since most of the highest dogs will not live for 10 years),

E. It is proposed that the Ra’?® fecal waste (a total
of sbout 500 yc Ra’?® in 10 years be buried locally in a similer fashion
to 2 C above.

N.B, Feeding regulations permit 1.2 Mc/yr burial of Sr’° + Ra®?%,

Fo Dectsioans ars recg:eued on the following.
le Can Sr’° + Re®®® vastes be discharged to under-

ground leach lines.
2. Can Sr'° + R4°?® be buried locslly,

3. Vhat are the limits for § & J.
4, What campus policies exist in these matters,

MG/me

/LM")
226 _ /oo/'“”/ ot
&:!, ° _ ’M/",//W
A

23 . 71,]"
./_f—gt—- + el -/

joo loo
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Catober 9, 1962

Nichard i, Nohrbach

Subjcots Deelin Criteria for Absorptioa Trench=AfC Project MNo. G, (.4 rﬁ.n/
e P2 W s

Ao per our previous digcusaion, we have completed percolation teats
to gatablish deusirn criterin for a deep absorption trench for the ef{fluoat
from the ALC Projoct No, 6 Sewsge Dioposal Plant, Duo to the high degres
of treatmont affordad tho effluent {rom this plant, it was decided not to
use the stnadard conversion fnuctor for septic tank effluent (4% of the cloar
wnter rate)., Instead of the 4X figure, it was decided that 10> would offer
a reaoonable margin of safety, Provided the field is installed as outlined --
brlow, there will be eufficinnt aron awailable for 1003 replacement of the
initial oysten, 4f the 10X figure should appear to be too libernl,

Tho absorption syetem ehould conmiet of a 4O' long, 6' deep, and 2°
wvide trenehi, with a 4*' layer of 4" to 8" cobbles in the bottem, coverod
with n G" layar of 2" to 3" gravel, Four inch open irrigation tile or 4"
crangeburg etiould then be lavoled and centered down the entire length of
thn tronoh, The 2" to 3" rravel should thon be filled around and to 2" ahnve
the tils or omnynburg. The rocka should thea be covered with two inches
of buled strav and backfilled with dirt to three inches above the level of
the surrounding ground, Jinoe it say prove pocsasiry to adld gyroum to the
lanching fisld, a maan hole with a tight eenled cover should be instilled
close to thc contar of the 40* line, to act as a distribution box, The
field should be loecatsd 10*' from any buildinge and prefcrrnbly ae clnse
to the Sowsr Mlnat es poasible,

Gince this eyotom is to replace an existing loach fiold, we yould
approcinte being advissd of the time thal ¥0mstruction will conricnge, so
that we can keep problems due to over flowing sewage to a minirmm,

Richnrd §, lieldotock
Fazironmntal llendlth & Safety Toehulcian

Kiltwh
ces A, W, iuff
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Oatober 9, 1962

fichard li, Rohrbach

Subjcats Deslign Criteria for Abaorpticn Trench-AfC Projeot lio, G, ¢ ,J..,J

V2R T -~

Ao per our previocus dissusaion, we have complated percolation tosts
to oatnblish desirn criterin for a drep absorption treach for the effluent
from the ALC Projoct No, 6§ Sewage Diopooal Plant, Dus to the high degree
of trentment affordod the effluent from this plant, it wae decidod not to
use the stnndird convernsion fuctor for sentic¢ tank effluent (Y of the clear
wnter rate). Instend of the 4% figura, it wao decided that 10, would offer
a reagonable margin of cafety, Provided the field is inatalled as outlined -
brlow, there will be sufficient aren available for 1004 rnplacement of the
initial syst=e, if the 10N figure should appear to be too libernl,

The ahaorption system should scmsist of a 4O’ long, 6' deep, and 2'
wide trench, with a 4' layer of 4" to 8" cobbles in the bottes, covered
with a G" layar of 2" %o 3" gravel, Four inch opon irrigation tile or 4
crangeburg should then be lavolod and centered down the entire length of
thn tremoh, The 2" to 3" (ravel should than be filled around and to 2" ahove
the tile or oranynburg, The rocka should them be soverod with two inchesa
of bnled straw nn:d backfilled with dirt to three inches above the level of
the surrounding ground, Jince it may prove nocessury to add gyrouam to the
lanching ficld, a mam hole with a tight senled govor should be inatilled
cloae to the eontnr of the 40*' line, to not as a distribution box, The
ficld should bn located 10' fros any buildings and preferrabdly ao clase
tu tiie Sewar "lnat ss posaible,

Since this syotos is to replnoe an existing leoaah flold, we wyould
approoiate being advised of the time tha ruction will corrrcnce, 80
that we can keep problems due to over flowing sewage to & sininum,

Michnard 5, Heldrtook
Fazironrmmtnl llealth & Safety Teehnlcinn

R3Hswvh
ces A, W, lluft
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t N
‘ (,'/(/ ' (B DAVYIS: SCHOOL OF VETEMIIJARY AILD!

7&90"1\_

December 20, 1960

Dr. Fred N. Cooper
Student Health
Campus

Dear Fred:

We nov ere ready to begin our chronic St90 feeding program.
As you know, we hsve eonducted sevaral tests of our facilities over
past months, and, Dr, Kaufman recantly raviawed the radicective
disposal system. His suggestions for incrasaing the efficiency of
operating this system have been completed as described in the enclosed
lettar., We ere starting the experiment vith dose level 0.3, which is
our lowest (MPC) Sr%0 treatment, and ome that will enable a final
check with minimm hazarda before attempting to start higher dose
levels.

If you have any suggestious, please contact ma. Alao, we
would be delighted to have you visit the project whenever it may be

convenient,
Sincerely,
. Vs
A.C. Andersen, VMD, PhD
ACA/c
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APPENDIX A.1.2

DOCUMENTS FROM LEHR
(IMHOFF SLUDGE DATA)
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IMHOFF SLUDGE SAMPLE 5/123/84

10 Min Counts Total Counts Net Counts
Background 3 liter 17,034 --

Standard " 0.9 uCi 64,524 47,490

North 1 " 1,384,984 1,384,984

North 2 " 1,647,217 1,630,183

West " 921,140 904,106

South . 89,980 72,946

Tank 3 " 729,269 709,235

Sample activity = St:::::dm ﬁ:t'c::: 33 le:etr::ts = x yWCi/l1ter

Total gal - 3.785 r/gal » x wCi/t = total uCi activity

North average counts

1,499,067

Sample activity = {0:3)(1,899,067) _ g 47 cy/p

(5,027)(3.7853)(9.47) = 180,202 w1 or 180.2 mCi

West

Sample activity = 0.9)(904,106) 5.71 uCi/2

(4,901)(3.7853)(5.71) = 105,944 uCi or 105.9 eCi

South

Sample activity = 0.9)(72,946) , 0.46 uCi/2

(393)(3.7853)(0.46) = 684 uCi or 0.7 mCi

AI-DOE-13504
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TANK 3

\
Sample activity = 2'94'(9609 233) . 4.48 uCi/2

(2,000)(3.7853)(4.48) = 33,916 wCi or 33.9 mCi

Total Sludge = 12,321 gal.
Total Activity = 320.7 mCi/t

IMHOFF DIMENSIONS
Depth 6.0 ft.
Width 3.5-ft.
North 32.0 ft.
West 39.0 ft.
South 25.0 ft.

AI-DOE-13504
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08<€ "A3H 48LL WHOA

ool
v0sEL-300-1V

Max. capacity ~ 6,127 gal. Sludge ~80 %

~105.9mCi

NORTH
Max. capactty ~ 5,027 gal. Sludge ~100 %

%2 ~

TR s IR

TANK6 B TANK 5 TANK 4

5,200 qal.

Sludge
2,0004gal.

S

: 90Sr 8 l69Yb
33.9mCi

N S AR

>
:

x —

* —Locatlon of sample taken
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ACQGRP

1 ADC
TOTAL 10000000
LIVE 00:10: 00
REAL Q0: 00: 00
AUAD 0. 000 SLOFE
BKG LITER
/‘/‘—_—\\
S 40: . 17034 ,/
1 o o
9. 999 800
17: 94 224
23 2e3 2%4
33: 297 287
4] : 171 189
49: 208 220
s7: 152 14%
&S 107 108
72 8% 88
S81: 102 84
87: 3 70
97: 72 70
10S: =1 72
113: 70 -3+
121 68 61
129: 44 34
137: -1 49
14%: 42 ST
182 2% 22
161: 34 20
149 30 26
177: 24 29
185: 17 10
193: 23 14
201: 16 2
209: 19 16
217: 2 26
22S: 18 13
233: 10 13
241 12 1&
249 16 1%

FORM 719-P REV, 2-80

1 223-MAY—-24
5023 22-MAY-24
00:10: 00
00:10: 00
1. 000 ZERO
1188 15876
[o] o] 711
79%S 798 709
208 21é 312
256 271 227
289 22¢ 220
173 204 173
197 186 149
1235 127 150
100 10¢& 106
“3 34 93
Q1 1 94
*7 8% 80
73 &2 &3
64 77 2
b6 48 60
56 43 40
446 S1 jci-]
9 é1 &0
62 25 43
22 23 21
22 29 20
17 26 27
. 21 23 24
24 2 23
19 1& 18
13 11 9
24 24 28
19 14 16
7 17 21
12 18 10
15 16 12
11 é (o}
AI-DOE-13504
102

08: 32: 26
08: 23: 26

0. 000

1422
673

342

-
232

192
176
150
117
o9
<3
84
87
Sé
71
61
47
43
<7
el
37
24

29
-

-
-

18
18
14
20

-
-

10
13
16

1243

629

1053

S46

308
278
171
220
1S6
117
112
101
78
79
64
468
a6
S7
S2
72
26
a2

22

33
16
14
12
18
25
14
12
10



\___
ACQGRP 1 ADC 1 22-MAY-24 0%:22:2%
TOTAL 10000000 6451 23-MAY~-24 08:12:24
LIVE 00:10: 00 00: 10: 00
REAL 00: 60: 00 00:10: 00
QAUAD 0. 000 ZLOPE 1. 000 ZERC 0. 000

SR 90 WASTE STD

S - 40: L4524 (o] 72872
1: (o] 0 [¢] (¢} 3701 6179 S413
9 4200 3714 2402 2014 2712 2812 2228
17: 1438 1460 1302 1264 1180 12028 102e
2% 8451 S12 810 727 €02 714 638
il 677 644 557 S26 S2 441 437
41: 408 378 342 340 332 262 344
47: 31¢ 236 331 20e 221 273 228
S7: 24S 240 260 192 21¢ 217 217
65: 166 17¢ 153 151 140 160 123
72 134 122 130 132 131 . 141 123
e1: 128 111 117 119 1035 110 103
89 114 98 123 109 96 116 a7
97: 94 86 87 81 75 73 65
10S: 63 7% 61 7S 70 62 80
113 88 73 &9 o{e] 34 48 72
121: 60 &S é1 47 &9 se 72
12%: S8 46 1Y S2 62 49 <9
127 3 62 sS4 43 SS 71 71
143: S0 7% 49 37 43 45 22
152 2 S1 24 32 26 21 1°
161: 24 29 31 24 29 33 29
169: 2 36 . 24 37 37 ) 39
177 23 19 T 22 23 29 21
13%: 22 1° 20 2S 1e 22 2
122 2 2 19 135 22 2 2
201: 17 17 14 18 17 12 27
209 24 12 14 22 21 22 24
217 24 26 19 2 2 26 19
223 16 14 20 12 232 2 17
2332 18 13 19 12 11 19 16
241 13 14 22 12 14 14 14
4 A 1% - ‘“a A - ~ ~
AI-DOE-13504
103
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ACQGRP
TOTAL
LIVE
REAL
UAD
NORTH

17
2%
22
41:
49
S7.
(SR

31:

105:
113:
121
129:

1
10000000
00: 10: 00
00: 00: 00

0. 000

40: 1

3133
3P493
123447
105467
5179
41¢&%
27460
123
1288
902
708
S22
272
300
252

186

ADC

SLOFPE

1 23-MAY-34
43943 23~MAY-34
00:10: 00
00:10: 048
1. 000 ZERO
¢} 1461186
0 2 74323
72476 70233 613559
21?19 29272 26763
15214 14834 138238
9218 $4609 7792
TS1¢ 3282 4900
4016 3734 3422
2570 23520 2228
172% 1616 1527
1242 1222 1107
972 858 e3s
L6646 652 S84
494 Soz2 434
292 242 366
300 298 27S
220 211 212
170 135S 166
160 135 160
136 144 120
4 &9 6
70 74 66
. 74 e3 &5
S8 63 S9
36 21 22
34 2 2
2 21 21
34 2 26
2 fci-] 28
24 20 2
20 23 16
13 18 19
AI-DOE-13504

104

08:233: 12

0. 000
124375 117123
35777 494699
24432 221465
12897 11991
7396 7093
47731 4457
317S 2934
2214 2177
1550 144%
1158 1095
724 728
£02 SSa
429 446
251 35S0
263 267
169 16S
153 144
134 151
105 126
S 72
&9 78
83 89
32 31
3% 29
27 16
27 26
26 2s
30 26
19 16
10 2

1S

108610
444624
203S0
10966

64654
43259
2260
2066
1414
1073
73S
S71
428

322
222
190
150

1S4

66
73
&e

S2

24
22
24

-
-

17

-
-

11
14



P

ACQGRF
TOTAL
LIVE
REAL
QUAD

NORTH

@

<.
25

3z
a1:

LA
~

&5

73

31:

e9:

°7:
105:
113:
121
129:
137
14S:
1852
161
16%:
177
13<:
192:
201
209
217:
229
233:
Z41:
249:

2

1
10000000
00:10: 00
00: 00: 00

0. 000

ADC

SLOPE

40" (14647217 )

116697
4%T210
2120%
118944

7044
427%
30%4
2168
1499
1134
770
600
S09
231
270
192
ig2
130

FORM 719-P REV. 2-80

0
102%48
404850
19467%
112334
5698
44648
3024
2122
1473
1128
799
€42
419
347
305
190
147
141
2%
49
53
4%
37
2S
26
-

-
-

10
11
17

12

22-MAY-B4

0514 2S-MAY-B4
00:10:00
00:10: 0%
1. 000 ZERO
o] 19%0430
o] l 100862
032 e174g 71006
2646°2 33121 27724
18087 16974 15747
10383S 9682 <081
6408 6101 S&44
4414 4141 3842
2897 2733 2708
19469 1940 1777
1452 1410 125%
1034 9? 896
774 798 7467
S91 S74 S12
460 403 401
TS 294 222
247 241 214
203 177 20S
134 179 160
141 123 114
86 73 71
72 61 =13
S9 3] &S
a8 47 41
- 33 29 31
21 22 2
22 2 22
27 22 18
22 2g 22
15 21 [
19 22 12
18 14 13
21 @ o}
AI-DOE-13504
105

02 S6:. 39

08&: 46: 33
0. 000

1462185 146S2
64802 S66%6
27690 23521¢&
14621 13320
8432 7908
S432 2S6
3673 3472
2637 23%?
1782 1666
129¢& 1189
QeSS %7
&79 641
489 S0S
390 374
302 299
238 22¢
174 166
137 1358
120 111
34 63
S9 =1-3
74 62

4% 2¢&
32 16

16 19

14 22

26 20
29 24

138 16

17 10

12 1S

[s) o]

121572
50663
2331%
12736

7495
4974
2198
2366
1597
1162
£82
590
479
402
244

220

187
139
100

&7
-

33

-
-

21
31
36
1S
13
16
16




ACQGRP ! ADC 1 23-MAY-84 0%9:07:50

TOTAL 10000000 31012 23-MAY-54 08:57: 46
LIVE 00: 10: 00 00: 10: 00
REAL 00: 00: 00 00: 10: 03
AUAD 0. 000 SLOFE 1. 000 ZERO 0. 000
WEST
5 - a0 o 1105074
g
1 0 0 0 o $7013 21168 81680 73470
o £522 57647 50578 45290 3997% 35222 214679 22194
17 25007 22%18 20302 18592 16547 15=51 14151 13063
2s: 11803 11026 101239 o%2% 8918 8329 7487 732LS
32 6775 6374 =937 5601 s0z2 4969 4%10 4230
a1: 403% 3760 365¢e 3292 3145 3188 200% 282
ey 2730 27%& 2612 2452 22%¢ 2140 1925 1926
s7: 1821 1766 1764 1616 1525 1492 135% 1367
&5 1271 1336 1203 1130 1000 1023 936 887
72 931 0% 208 840 826 744 856 &37
81: 625 544 636 =71 57 508 502 <73
29 19 436 a3 494 4% 4SS 417 403
27 402 358 346 367 349 351 321 300
10%: 310 298 274 272 2695 237 293 243
112 239 228 222 227 223 135 201 196
121: 155 159 160 142 156 130 128 1%8
129: 171 153 129 132 156 144 131 139
127 119 146 22 124 106 129 113 101
145 122 107 102 o2 90 36 63 74
152 s2 7% &4 6 &2 &1 50 =3
161; 42 =7 40 3 40 a6 =3 2
16%: =3 =0 <1 66 50 61 sz &%
177 =% &S - a3 42 as ag 36 44
12%: 29 37 22 27 2 27 2% 2
192: 30 26 30 26 24 2% 2 23
201: 18 21 21 30 32 21 16 24
209: 22 20 22 23 24 20 27 3%
217: 22 27 27 31 29 29 13 21
22s: 24 1S 17 2 16 8 16 10
223: 15. 11 18 17 21 20 17 8
241 1% 17 22 22 17 18 15 16
a2 T4 10 (N = -~ ~ I ~
Al-DOE-~13504
106

FORM 719-P REV. 2-80



ACQGRP
TOTAL
LIVE
REAL
RUAD

SCOUTH
—_——

—

17:
25:

29
S

41
49:

&65:

7%

31:

&9

97:
10S:
113
121.
129:
137:
145
182
161:
167:
177:
183:
193:
201:
209:
217:
223:
223:
241:

AR

1
10000000
00:10: 00
00: 00 00

0. 000

ADC

SLOPE

o 0
6067 5415
2394 2091
1216 1087

e77 789
525 469
423 476
273 274
235 194
171 154
145 13
12 25
108 108
93 g6
es 81
63 sS4
e 66
56 a3
63 59
a2 46
31 34
36 36
2 35
21 18
25 11
17 14
15 29
31 20
14 2
14 21
14 31

FNORM 71A.F 8EV. 2A.AN

1 23-MAY-34
7283 22-MAY -84
00:10: 00
00:10: 00
1. 000 ZERO
o) 102294
0 [¢] 5172
4777 4396 3902
1866 1764 1618
1023 1073 589
764 723 659
4357 434 413
410 379 333
283 286 2%3
199 164 217
158 173 156
127 111 144
119 12 113
104 ?6 67
79 62 92
2 69 s
74 S6 &6
47 o1 77
61 &4 72
71 Se 43
33 ] 40
3¢ 29 23
. 30 37 24
34 34 23S
2 22 27
22 17 16
22 10 17
24 23 2
16 21 30
16 17 18
16 13 14
195 21 14
«n - ~
AI-DOE-13504
107

07: 1. 48
09:08: 47

Q. 000

8689
3569

1566
957
S92
1%
310

759%
3201

6847
2763

1291
849
510
441
287
242
160
12
110

e3
68
8%
72
67
&1
=8
24
22
30
2
21
14
22
19

13
16
19

~
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ACQGRP 1 ADC 1 23-MAY-24 0%:320:12

TOTAL 10000000 13041 23-MAY-84 09 20: 09
LIVE 00: 10: 00 00: 10: 00
REAL 00: 00: 00 00:10: 02
DUAD 0. 000 SLOPE 1. 000 ZERD 0. 000
TANK 3
s - a0 83417 6428%2
1: 0 0 0 0 34244 43240 45694 47452
- 49184 46427 4010¢ 2443% 29025 2825€° 30743 25245
17: 36723 3617% 29693 19623 12317 1122 1031 10293
2s: 9579 8600 g242 €254 9988 10259 2489 6200
32 a1%e 3152 2772 2370 2255 1917 1701 1470
a1 1231 1290 1189 1141 1084 1022 1002 1021
4% oe 27% 208 e37 7¢5 729 673 629
=7 659 627 s93 617 600 ss2 <18 494
&5: 463 az6 240 40% 411 35% 383 211
72 20 2%2 23 211 299 207 309 253
81: 257 243 250 229 230 231 208 198
89: .1e7 198 - 211 187 180 17% 164 171
97: 171 163 177 165 167 174 126 121
10%: 122 123 118 11& 138 127 133 154
112: 22 148 129 124 133 109 117 107
121: 120 se 102 73 83 81 77 92
129: 112 a9 89 34 93 34 o2 64
127: o2 24 67 79 a1 77 g9 87
185: 102 e7 68 70 6 61 64 e
153 az a7 54 3a a1 a4 z8 37
161: a4 a7 47 34 38 2 25 51
169: 22 40 47 40 26 47 a2 s1
177: 62 as + 33 as 40 29 30 31
185: 19 30 34 22 19 23 21 17
193: 13 21 19 22 16 2% 26 21
201: 18 21 22 18 8 15 15 18
209: 17 22 15 23 19 2 20 27
217 31 20 2 .28 20 21 26 20
22%: 2 2 14 2 11 18 20 18
233: 17 21 10 13 13 7 10 15
241: 10 16 13 17 10 138 13 16
249 13 14 13 11 1 0 0 0
AI-DOE-13504
108

FORM 719-P REV. 2-80
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LIST OF AVAILABLE DRAWINGS
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PROJECT RADIOBIOLOGY L.ABORATORY CAAN 3730, 3792, 3846

STRONTIUM 90 PROJECT PAGE __1 OF

ORAWING TITLE OwWNG. NO. INOEX NO.
PHASE #1 (1958) -

Location Map, Plot Plan and Details A=1 01419
Floor Plan and Elevations A-2 01420
Interior Elevacions A-3 01421
| Window and Door Details A=-é 01422
| _Typical NOtes and Details S-1 01423
| Foundarion and Roof Framing Plans S=2 01424
Plor Plan and Degails E-1 01425
_nmmw E-2 01426
Plumnting Plan and Details M-1 01427
|_Heacting and Venrilaring Plan M=2 01428
| _Secriong and Details M=2 01429
|_linderground Plumbing Piping, Flagr Plag 02837

|_Sire Plan and lacarion of linderground lrdliriea as Installed!  J284/1 | 05009

PUPLT.—PAE (3/80) ' e

AI-DOE-13504
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‘ .
N4
RADIOBIOLOCY LAUOKATORY : CAAN 3750, 3792, 3H4u6

PROJECT
STRONTIUM 90 PROJECT PAGE 2 OF
ORAWING TITLE DWNG. NO. INOEX NO.
PHASE #2 (1960) :

Plot Plan and Elevations A-1 03010
Floor Plan I A-d 03011
Interior Elevations A-3 03012
Incerior Elevations A=d 03013
Sections A-5 03014
Abbreviactions and Decails A=6 03015
Structural - General Notes and Details S=1 03016
Structural - Foundation Plan and Details : S=2 03017
Styrugtural - Roof Framing Plan S=-3 03018
Structural - Sections S—% 03019
Machanical - Plot Plan and Details M=l 03020
|_Clarificacion of Utildicies . X=1 04570
Utility Revisions - Parcial Plot Plan I=7 04576
Mechanical - Plumbing Plan M-2 03021
Mechanicsl - Wasce and Ductwork Diagracs M=3 03022
- - Ventilating Plan H=d 03023
Meghanical - Hn::lnx_ind Ventilacing - Secgiong and Detszila M=3 21024
\Mechanical - Fire Sorinkler Svucem M6 03023
la = ule E-1 03026
- b -] E-2 03027
Electrical - Lighting Floor Planm E-3 03028

Elactrical - Power ond Signal Floor Plan B4 03029
| Underground Utilities Ducts and Conduit 339271 04008
Biochemiscry Lab Table Utilities X-2 04571
Revised Paving Plan . X=1 04872

PH.PLT.~PLE (v/89) Game

AI-DOE-13504
11

FORM 719-P REV. 2.80



INDEX OF DRAWINGS ANO MICROFILMS

‘/-—r-'ru.-_.a *Z
S 3] CAAN 3750, 3792, 3846

PROJECT _ RADIOBIOLOGY LABORATORY

STRONTIUM 90 PROJECT PAGE _ 3 OF
DRAWING TITLE DWNG. NO. INDEX NO.
PHASE ¢2 (1960) cont'

Casework Revision - West Wall, Hiscology #19 X4 04573
Revised Detail H-Z from Sheet S-2 X=3 04574
Excention of Utility Lines for Future Sink in Ra. 10 X-6 04578
Mech. Alter.: Rms. 104, 110, 112, 115 P-820 09566
Mech. Equip. Enclosure Roof Plan & Roof Framing P=1556-1 10818
Mech. Equip. Enclosure Section, Elevations & Bracksts P-1556~2 10819
Mech. Equip. Enclosure Details P-1556-3 10820
Mech, Equip, Englosure Louvers & Dectails P-1556=-4 10821

| _Mech, Equip, Detaila P-1537-3 10822

| Room 112, New Ceiling. Ducty & Lighc FixCures P-1598 11477
Roow 110, Partition & T-Bar Ceiling P-1371 11573a
Replacs fluorecscent fixtures PalllS 13538

PH.PLT.-PLE (5/89) ) D400

AI-DOE-13504
112

FORM 719-P REV. 2-80
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PROJECT __RADIOBIOLOGY LABORATORY Lr caan 3750, 3792 3846

STRONTIUM 90 PROJECT PHAcZ® 3 —e’;ﬁ PAGE 4 OF
DRAWING TITLE DWNG. NO. INDEX NO.
PHASE #3 (1962)
Addicions - Plot Plon;: Dgor, Window and Finish Schecules A=l 04527
Additions - Floor Plag A=2 :
Additions - Exgerlor Elevaciona and Details _ A=1 04579
Additions - Incerior Elevactions A= Q4580
Aaditions - Cabineg Sections and Septic Tank Degcafls | _ A=-J 04581
Avaitions - Roof Plan and Dectails A=6 04582
Additions - Window and Door Details A=7 04583
Additions - Miscellaneous Decaiis A8 | 04584
Additions - Cage Plan and Sectiong A=9
Additions - Cage Details A=10 04586
Addicions - Miscellaneous Decails A-11 04587
—AddItions - Structural - General Noces S-1 04588
~ additions - Structural - roundation Plan S5=2 04589
ditlons -~ Scrucctural - rfoundation Decails =3 04590
Additions - Structural - Roof Framing Plan S=4 04591
Additions - Structural - Roof Framing Details S5 04592
Additions - Structural ~ Roof Framing Details . S-6 04593
Additions - Mechanical - Plumbing Plot Plan and Details M-l 04594
Additions - Mechanical - Plumbing Plan and Details M=2 04395 o~
Additions - Mechanical - Heating and Air Conditioning Plang | M-3 Omﬁ
Additions - Mechanical - Mech. Room #30 Details M= 04597
Additions - Mechanical - Details M~5 04398
Additions ~ Mechanicai - Details . M~6 04399
Additions - Mechanical - Equip. Schedule and Control Diagramp M-7 04600
Additions ~ Electrical - P tatila E=1 045601
D208

PH.PLT.-PLE (8/68)

AI-DOE-13504
113
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PROJECT __ RADIOBIOLOGY LABORATORY CAAN 3750, 3792, 3846

STRONTIUM 90 PROJECT PrAa_: 3 PAGE __3 oF
DRAWING TITLE OWNG. NO. INOEX NO.
PHASE #3 (1962) conc'
Additions -~ Electrical - Panelboard Schedule, Details & Diagkams E-2 04602
Additions - Electrical - Lighting floor Plan and Details E-J 04603
Additions - Electrical - Powar and Signal Floor Plan E-& 04604
Addicions - Fire Sprinkler - Plan and Details FS-1 04805
Additions - Fire Sprinkler - Plan F5-2_ 04606
|_Additions - Addendum - Uciljcies Clarificacion x-1 04607
| _Additions - Addendum - Cooling Tower, Water Trcatmaent X-2 04608
Addicions - Addendum - Kitchen #6, Sink Along West Wall . X=3 04609
- = heeg M-2 X=4 04610
Addicions - Addendum - Revised Sect. J-5 and K-5, Sheet 5-5 X-5 04611
Additions - Addendum -~ Rev. Cooling Tower Piping Diagram X-6 04612
- - P Me Room #4130 x=1 04613
Additions - Addendym - Revised Lighting Plan, Rec #3 X-8 04614
|—Additions - Addendum - Parking and Misc. Paving Lavour
and Detatils X=190 04615
- = Excha Circuit Breaker
Raom f___ X=11 04616
—BRoom 200 - New Parricions Cage Rqam P87 1189)¢
\—Mad1 €y Cace Raoom 200 - Floar Plan and Fleceric P=£94 09544
Addicion Cage Room 200 - Floor Plan and tlectric P=79771 0¥3335
Addition Cage Rooa Z00 - Plumbilag P=79772 09556 7
Room 305 - 310A Remodel - Elactric Floor Plan P=1505-1 | 11014
Room JU3 - JIOA Remodel - Struct. & Plumbing Flan —P=1505~1 11015
03 -~ ~ Mech., Refl. Clag. & Enter. Elv. P=1505-3 11016
oom 305 = 3104 Renodel —Wiring Diacram. Door Details P-1305-4 11087
- A_Remodel -~ Serucrural For X-Ray Room 3078 P=1505-% 11018
PHPLT.PAE (3/60) 0240
Al-DOE-13504
114

FORM 719-P REV. 2-80



PROJECT RADIOBIOLOGY LABORATORY J CAAN 3750, 3792, 1840

1S el

STRONTIUM 90 PROJECT pnsag—zg pace __® oF
DRAWING TITLE DWNG. NO. INDEX NO.
PUASE #3 (1962) cont’
Room 305-310A Remodel - Raflect. Clag. & Lighting P~1505-8 TIOIS
Room 301, New Fume Hood P-1680 11491
Room 301, New Ceillng, Lights & Lab. Fuml.tux:e 7-1570 41434
Room 301, New Ceiling, Lights & Lab. Furnicure P-1670 11455
Room 302, New Bench Cabinet P-1204/3 12267¢
Rooms 155, 156, 158, 159, 201, 202 New light fixcures Y=-177% 1I578¢
Roo - Pal8S2L1 13337c
|__Rooms 310, 311, 316 Romedal - Plumbh, § Elucg. P-1957/2 13338c
—Stm. Gen. § Water lreacment Plant - Animal Quarters P-2063 T4153¢
' LPLT.-PRE 18/rM NJany
AI1-DOE-13504
115

FORM 719-P REV. 2-80



IRULA Ur DHAWINLY ANU MILHUF (LIS

PROJECT RADIOBIOLOCY LABORATORY caan 750, 3792, 3846
STRONTIUM 90 PROJECT Prase T4 % pace ! oF
DRAWING TITLE OWNG. NO. INDEX NO.
PHASE ¥4 (1564)

North Wing - Plot Plan, Roof Plan and Root Details A=l 04617
North Wing - Floor Plan, Finish Schedule, Exterior tlewations A-{ 04618
[Worth Wing - interior Elevations A=3 04519
Norch Wing ~ Cabinet Dectalls A=% 04520
North Wing - Door, Window, and Louver Details A=5 04621
Norgh W - M1 and Abbreviations A=6 04622
No Wing - Strucgural - Typical Details and Notes S=-1 04623
Norch Wing - Serucrural - Found., & Floor Slab Plan and Det, 5=2 04624
| Noreh Wing - Serucrural - Roof Framing Plan and Decalls =1 04623
North Wing ~ Mechanical - Plot Plan and Plumbing Plans M-1 04626
North Wing = Machanical - Heating Floor Plans and Decails -2 04627
North Wing - Mechanical - Fire Sprinkler Plans snd Decails B3 04628
North Wiag - Electrical - Plot Plan, Symbols & Fixtura Schaed E=l 04649
Norch Wing - Electrical - Lighting é Pover Plans and Details E-2 04630
| North Wing - Addendum - Revised Gas Line, Partial Plot Plam X=1R 04631
North Wing -~ Addendum - Remove Exist. Fire Sprink. Line X-2 04632
North Wing - Addendum - New Post Indicacor Valve and Lines | _ X-3 04633

PHPLT.—PAE (53/00) R O2e08

AI-DOE-13504
116

ENRM 710.P AEV 2.RAN



INDEX OF DRAWINGS AND MICROF ILMS Va PHAGE ¥

pROJECT __ RADIOBIOLOGY LABORATORY caan 3750, 3792, 3846
STRONTIUM 90 PROJECT PAGE 8 oFf
-
DRAWING TITLE DWNG. NO. INDEX NO.
PHASE #5 (1967)
Site Plaz Location Plan & Index 1 06464
| Floor Plan—Exterior Elevation 2 06465
| Intecdor Elevacions, Scheudles & Details 3 06466
| Wall Sections, Scair Details 4 06467
| Roof Plag Details S 06468
Typical Strucrural Derails S=1 06469
Structural Plans-Details . S5-2 06470
Structural Sections Dectails S5=3 064/1
Structural Sections S=4 06472
Structural .Secuona S=5 06473
| Plumbing Plan, Fire Sprinkler Plan M-1 06474
Heating & Air Condition Plan M=2 06475
Control Diagram, Equipment Schedule M-3 06476
Electrical Plan & Decails E-1 06477
Replace fluorezcent fixtures . P-1775 12578c
PH.PLT.-PLE (5/08) : 02008

AI-DOE-13504
17
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PROJECT __ RADLOBIOLOCY LASOKATORY CAAN 3750, 13792, ldu
STRONTIUM 90 PROJCCT PAGE 9 OF
DRAWING TITLE DWNG. NO. INDEX NO.
PHASE #6 (1972) :

Site Plan, Location Map A-1 10173
Floor Plan, Schedulecs, Rm Fin. Door, Windows A=¢ 10174
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COMPARISON OF THE CARCINOGENICITY OF
RADIUM AND BONE-SEEKING ACTINIDESY

OTTO G. RAABE
Laboratory for Energy-Related Health Research and Department of Radiological Sciences.
School of Veterinary Medicine, University of California, Davis, CA 95616

{Received 18 October 1982, accepied 17 August 1983)

Abstract—The relative eflectiveness of nine bone-seeking radionuclides with their progeny for
the production of mabgnant skeletal tumors (mostly osteogemi¢ sarcoma). principaily by
chronic alpha-particie irradiation. 1s examined with available data obtained from lifetime
studies at three laboratones of pure-bred beagies exposed to graded dosages in controlied
expeniments. The lifetime tumor dose-rate:ume-response rejationstups observed in beagies
injected with #*Ra at the University of California at Davis, in which 123 cases of bone cancer
(98°, osteosarcoma) have been observed for dose rates between 0.05 and 20 rad/day. provide
the basis for companing the induction of bone cancer by the other radionuclides. All nine
radionuclide studies were found to demonstrate with high precision (0, < 1.2) a three-
dimensional lognormal response relationship represented in two dimensions by the-equauon
of the ume to death from bone cancer 1 = KEP -$, where 1 is the elapsed time to death, [
is the average skeletal dose rate, X is a parameter charactenistic of the radionuclide, risk level
and exposure details, and S observed to be 0.29 (0.01 SE) and suggested to be exactly one-third
for all the nine radionuclides. The resuits show the relanve biological effectiveness (RBE) for
bone-cancer induction potency with respect to radiation exposure from **Ra to be 3.0 for
**Ra, 6.4 for *'Am, 6.6 for **Cf, °Cf and “Es. 9.0 for , 10.7 for Z*Th, and 15.5 for
2'py. The observed RBE values are interpreted in terms of the relative exposure of sensitive
cells of the skeleton since they all invoive primarily alpha irradiaton. Scaling to people is
accomplished using a response ratio (RR) of 3.6 with respect to beagles.

NOMENCLATURE i
are the(l - S f ti d
D the average radiation dose rate (rad-day) to wmu,::jw do),fo wer of time and § power of
skeleton for a given bone-seeking radio- K, the value of the parameter X for which the
nuclide from beginning of exposure until risk is 0.5 (the median risk)
death for an individual combining energes K* reference value of K
from glphas. betas, fission product and recoil m set of integers used in summation
£ nucle: ) _ n number of cases used in summation
the average enmergy in MeV of parucuiate r the correlation coefficient of a least-squares

radioactive emussions per disintegration of

regression analysis

the parent in a radionuclide chain including  Rjsk the independent probability whose value is
alphas, beus. fission product and recoil nu- betwec:%?nd 1 ol;r:n indivi,dual succumbing
. :l:sle pumber to a spexific effect assuming that there are no
T . other ible effects; the independent proba-
a characteristic parameter (corresponding to bility ?ﬁ: T) of succumbing at a upme, 1,

a_dwgpnted level of cancer nsk) of the three- earlier than a specified time, T
dimensional .Iognormal . Qme-‘m.e/ti.me- RR the interspecies response ratio given as the
response function of eqn (1); its dimensions ratio of the cumulative absorbed dose for a
specific tssue of a specified radiation in a
+Supported by the Office of Health and Environ- given species to the cumulative absorbed dose
mental Research of the U.S. Department of Energy in the corresponding tissue of the same radi-
under contract EY-76-C-03-0472 with the University ation delivered at the same average dose rate
of California, Davis, CA 95616. in a reference species yickding the equivalent
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biological response or anaiogous cumulauve
nsk. RR is also equal to the rano of the
respective iimes required after exposure be-
gins 10 vieid the effect and 15 equal to the
reciprocal of the relative biological sensiuvity
(RBS)
relative biological effectiveness. the expen-
mentally determined ratio of the cumulative
absorbed dose of reference radiation (or base-
line irradiation pattern) to the cumulative
absorbed dose of a radiation (or irradiation
pattern) 1n question required to produce an
identical level of biologcal response (during
an identical period of time and other condi-
uons being equal) in a particuiar experiment.
organism or ussue; the ratio of the average
dose rate to a chosen tissue leading to a
particular biological eadpoint at a gven time
for a reference radiation to the average dose
rate to the same tissue leading to the same
endpoint at the same time for a specified
radiation

S the negative slope parameter of the three-

dimensional function (eqn 3) that character-

1zes the slope of the two-dimensional loga-

nthmic dose-rate:time-response line (eqn 2)

for a designated level of risk

reference value of S

the standard error associated with an esimate

of a mean value

1 the time that elapses between beginning of
exposure and the observed response

1, the approximate median normal lifespan of
unexposed individuals measured from the av-
erage ume of initial exposure for exposed
individuals

Z =(x — X).0, the standardized normal deviate
of a Gaussian distribution given by the rauo
with respect to staadard deviation of the
difference between a3 given value and the mean

n the reciprocal of S

n* reciprocal of reference value S*

o, the geometric standard deviation of a log-
normal dose-rate ‘time-response function de-
scribing the distribution of times to death (or
K values at different risk levels). the anti-
loganthm of the logarithmic standard devi-
ation which is the root mean square error of
the logarithms of times 1o death with respect
to fitted eqn (2)

RBE

S
SE

INTRODUCTION
THE RELATIVELY long-lived bone-seekmng radio-
nuchides including radioisotopes of the actinide
ciments may lead to the long<term chronic

CARCINOGENICITY OF RADIUM AND BONE-SEEKING ACTINIDES

alpha-particle irradiation of bone if deposited in
the skeleton of an exposed individual. Bone-
forming and bone-remodeling ceiis may be irra-
diated 1o vanous degrees depending upon the
charactenstics of the radionuclides, including
types of emissions. radioactive decay rate. and
patterns of deposition and retention in bone.
Irradiation of bone ceils may occur at relatively
high dose rates in occupational exposures and at
relatively low dose rates due to environmental
exposures. Such irradiation may lead to malig-
nant bone tumors. particularly osteosarcoma.
Several bone-seeking radionuciides have been
subject to expenimental studies using laboratory
animals, including naturally occurring ~*Ra.
*Ra and =*Th and nuciear reactor-produced
2Py, Py, *'Am, **Cf, *Cf and *’Es.

Comparisons of experiments with laboratory
animals to human responses to bone-secking
radionuclides is based pnncipally on the acci-
dental and therapeutic exposure of people to
%Ra and “*Ra. particularly in the case of those
women who accidentally ingested =*Ra during
the pamting of luminous dials on clocks.
watches and other instruments earlier 1n the
twentieth century and those people who were
given dosages of “*Ra for medical purposes
(Ev74). Studies of these cases have been the
basis of standards for other internally deposited
radionuclides in people and for scaling radiation
nisks from laboratory animal results to people
{Ra80).

The modern nuclear industry involves the
production and use of several bone-secking
actinide radionuclides. particularly =*Pu. “"Pu
and *'Am. The possibility of botb occupational
and environmental exposure of peopie to these
radionuclides has already been realized 1n acci-
dental reieases and worldwide faliout. For ex-
ample, the average person in the United States
is known to have a ™Pu skeletal burden of
about ) pCi (Mc81). Other radionuclides with
nuclear industry applications inciude the cali-
fornium isotopes **Cf and **Cf as well as the
more unusual ’Es. The advent of the thorium
fuel cycle has increased the potential interest of
the natural thorium radionuclides. including
Th. These radionuclides together with their
respective decay products all result in alpha-
panicle irradiation of bone. Hence the various
radionuclides compared in this study include a
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spectrum of matenals of both practical and
theoretical interest. The principal characteristics
of these nuclides are summanzed in Table 1.

Raabe e: al. (Ra80; Ra8la, Ra8lb) have
shown the usefulness of descnbing the bone
tumor dose-response relauonship for 2*Ra in
beagies as a three-dimensional lognormal re-
sponse surface in which the coordinates of the
response surface are natural logarithms of aver-
age skeletai dose rate from the irradiation.
logarithm of time to death after beginning of
exposure. and risk. Thev further applied the
same model to the available human data and
found a piausibie paralle! relationship displayed
by a response ratio (RR) of 3.6 such that the

1243

time to death at a given dose rate (or 2*Ra bone
concentration) was found to be 3.6 times longer
for people than for beagles. Peopie were thusly
found to be only 0.28 times as sensitive to 2Ra
bone irradiation as beagles and this factor was
cailed the relative biological sensitvity (RBS).
They aiso showed that RR was 10 for people
relative to mice with an RBS of 0.1 so that
people appear to be only 0.1 as sensitive 1o ¥*Ra
in bone as mice. These results provide a basis for
scaling between laboratory animal species and
man in the case of carcinogenic dose-rate/ume-
response relationships.

The purpose of this current evaluation is to
compare the response relauionships for bone

Tabie 1. Properties of seiected bone-seeking radionuclides including physicai half-life (T, ,), alpha
energy (Q,). beta energy (Q,). fission fragmen: energy (O,) and average io1al energy () per
disintegration of parenit (from Le67 and Ho72)

Nuc 1 ide Daughter T2 N, "“ev) 0g (Mev) O¢s (Mev) F (Mev)
2263, 1602 y 34 - - €86
8e

222%p + progeny (1.8 d) 19.16 0.86 - 20.36 R(v)e
2232, 5.7 y - n.04 - 0.04
8¢ 2itne 6.1 h . 0.36 . 0.3%

ez

222+n 1.9 y t.a - - .82

9

22izy .64 ¢ 5.67 - - 5.79

2‘;‘;‘:- + progeny (10.6 A}  27.87 0.62 - 21,90 P(r)*
2333, 232, 87.75 y .45 - - 5.59
9¢ 92
239 224, 24,400 AL - - 5.4
H v » y 2
241 237 . .
”k\ b 458 y 5.48 5,64
43¢ 243 - .

] deJ ;.n 360 y 5.76 6.30
233:« Ui, 2.65y $.93 - 5.5¢ 11.60
253 20.8d 6.6 - - 6.75

99
z:gsx Mg - 0.04 - 0.04

Pt} 15 rat1z of radon daughter to raziu pareat activity (L176)
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uinger in beagles for 2*Ra and other long-lived
alpha-emitting bone-secking radionuclides to
provide estimates of the relative biological
effectiveness (RBE). Thazse RBE values with
respect to ~*Ra for bore cancer in beagles can
be multiplied by the respective average dose
rates 10 yield the equizalent Z*Ra dose rate 10
bone and then scaled to people using the appro-
priate response ratio. These results can then be
used to estimate the risks associated with human
exposures to these radionuclides including those
permitted by exisang occupational exposure
standards. Average: gravimetric dose rates to the
skeleton are used rather than calculated dose
rates to cells at bone surfaces. since these calcu-
lations are not cenain. The observed RBE val-
ues from average doses should be indicative of
the relauve irradiation of the sensitive cells of
the skeleton which will prove useful in esti-
maung the effective doses to bone surfaces.

METHODS
Analvsis
To evaluate the three-dimensional dose-
rate time-response relationships for a vanety of
sets of experimental data involving exposures of
beagles. a two-dimensional graphical present-
ation representing the three-dimensional phe-
nomena was prepared as described by Raabe er
al. (RaB80). This procedure involved coding each
beagle succumbing 1o bone cancer during life-
time studies as a separate datum plotted with
respect to logamthmic coordinates of elapsed
time from begirning of exposure to death and
average dose rate to skeleton, DO, during that
exposure ume (ste Appendix for nomenclature).
The lognormal model (Ra80; Ra81b) invoives
a basic dose-rate/time-response relationship
given by
t=KD-%, (1
where ¢ is the elapsed time to death after initial
exposure associated with the appropnate value
of the parameter K..and S is a constant. This
function in logarithmme coordinates 1s given by:

)

where In is the naturall logarithm. This linear

Int=m&-3InD,

CARCINOGENICITY OF RADIUM AND BONE-SEEKING ACTINIDES

function 1s fit by feast-squares regression anal-
ysis which provnides maximum likelihood esti-
mators of mean values of in K and Sif the errors
associated with loganthmic dats points are nor-
mally distributed. Since each datum can be
viewed as representing a separate estimate of
InK if S is known. the resulting fitted line
becomes a dose-rate/time-response plot with the
chosen value of S obtained by the regression
and the fitted value of In K defining the median
of a three-dimensional lognormal cumulative
dlose-rate/time-response surface such that

Int=InK,+ZIno,— SinD, 3)
where In is the natural logarnithm. ¢ is the time
to death. K,, is the fitted median nrisk value of X
andinK=inK.+ ZIno, (K =K,q,%). Zis the
standardized normal deviate equal to zero at the
median, o, is the geometnic standard deviation
of K (or regressed r) values. S is the negative
slope parameter. and D is the average dose rate
(Ra81b). The nisk (indicated by Z for a cumu-
lative normal distnibution) is the independent

- probability (value between 0 and 1) of an indi-

vidual succumbing to bone cancer assuming
there are no other possible effects: it is equiv-
alent 1o the cumulative incidence rate used by
Rosenblatt er a/. (Ro71). This relationship de-
scribes times to death that are lognormally
distnbuted with geometrnic standard deviation,
o,. for a given dose rate. as well as dose rates
that are lognormally distributed with geometric
standard deviation a,” (where 5 is the reciprocal
of §) for a given elapsed time.

After eqn (2) was fit by linear least-squares to
the selected n cases of bone cancer to obtain
estimates of S and In K. the geometric standard
deviation of K (or time values about the fitted
function) was calculated using each i case by:

T (nt-InK.+Sby. (4

.o
(]n a,)‘ = ;'
Then the standardized normal deviate is given
by:

Z=(nt—InK,+SD)no, (5

and ¢ rik can be accurately approximated
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using a standard algonthm for the area under a
poruon of a normai distribution (Abé4):

@ _]nZ(Zﬂl#l)
RISK = 0.5+ —— 3 =V

2 wmo 2m + 1)(27)m!’ (6)

where the m values are integers whose values
ccome large enough to yield the desired smalil
error. Equations (5) and (6) provide a predictive
model of risks with time given the dose rate and
values for the parameters K. S and o,.

The use of individual observations of tumor
death times does involve a possibility of bias due
to competing nsks at high dose rates (where
other nsks are apparent) and low dose rates
{where aging deaths occur). Those few bone
cancer cases In these two regions were not used
in fitting the response functions. As discussed by
Raabe er al. (Ra83). it is inherent in this model
that all exposed individuals will eventually suc-
cumb to bone cancer (risk = 1) given enough
time in the absence of competing risks. The
exact percentage of bone cancer cases depends
upon the nature of competing nsks. It is the
underiving independent risk distribution that
was studied here.

Relative biological effectiveness (RBE')

The relative biological effectiveness (RBE) is
given by the ratio of the cumulative dose of
reference radiation to the cumulative dose of a
given radiation yielding essentially the same
response. Since time to effect must be the same
for both the reference radiation and the one
being tested for responses to be equivalent, the
RBE is the ratio of the average reference radi-
ation dose rate leading to a particular biological
endpoint at a given ume to the average dose rate
leading to the same endpoint at the same time
for a specified radiation (Ra81b). Hence, if the
skeletal irradiation from =*Ra yields a given
level of risk at a time to death. ¢, with average
skeletal dose rate from “*Ra and progeny given

eC)

and if another skeletal irradiation pattern from
another radionuchide in bone has a response at

&)

1245

the same level of nsk and time given by:

c\n
oo 8
t
then the RBE is given by

N 1Dy, (K*Y ..
RBE—m= Ky AR

where n is the reciprocal of § and n* is the
reciprocal of S*. If § = S* then the RBE is the
same for every post-exposure time period with

K*\
woe- (5]

(8)

&)

(10)

Usually the X and K* are chosen for the median
nsk (Z = 0 in eqn 3) for calculauon of the RBE.

Sources of data

The compared cases of bone cancer induced
in beagles by ?*Ra and the other bone-seeking
actinides were obtained from progress reports
published by three laboratories sponsored by
the U.S. Department of Energy in which care-
fully controlied lifetime studies with purebred
beagles have been conducted (Bo80; In8li;
Rad80). Analyses were performed for deaths
from bone cancer or for individuals terminated
from the studies due to imminent death from
bone cancer. These data include 123 cases of
bone cancer in beagles from skeletally deposited
“*Ra given as repeated intravenous injections at
the University of California, Davis, Laboratory
for Energy-Related Health Research; 56 cases
for skeletally deposited =*Pu subsequent to in-
halation exposure at the Lovelace Inhalation
Toxicology Research Institute. Albuquerque,
NM; and 41 cases for ®*Ra; 40 cases for ®Ra,
44 cases for *Th; 58 cases for ®*Pu; 29 cases for
H'Am:; 10 cases for *°Cf: 6 cases for ¥3Cf; and
1 case for ¥’Es—each given as a single intra-
venous injection of one radionuclide at the
Radiobiology Laboratory of the University of
Utah, Salt Lake City, UT. Of these 408 cases of
bone tumors, all but 13 were described as
osteogenic sarcoma. Although the diagnoses as
reported in these progress reports must be con-
sidered tentative, the general analysis perfoqned
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herein is designed to clarify the overall re-
lationships and shouid not be sensitive to small
varniations.

Ir these studies, irradiation of the bone begins
with the iniual administration and continues for
the life of the beagle as determined by the
skeletal retenuon of the given radionuclide and
the bone mass. The administration of radio-
nuclides by discrete dosage levels (uCi/kg) does
not result in identical skeletal dose rates for all
dogs in a given dosage level because of
differences in growth and retention among indi-
viduals so that each beagle should be separately
evaluated as much as possible with respect to
dosimetry. A threefold difference in lifetime
average dose rate appears possible within a
single dosage group. Where whole-body count-
ing was not performed, greater dosimetric un-
certainty should be expected. Doses were calcu-
lated by the vanious laboratories by summing all
paruculate radiation energies inciuding appro-
priate alpha. beta, fission product and recoil
nucle: energies (Table 1).

To determine the average radiation dose rate
received by beagle bone during an extended
peniod of exposure, the skeletal mass must be
known. [n the Davis studies the average beagle
skeleton weight was assumed to be 8.4%; of the
body weight up to 540 days of age and un-
changing thereafter. The Uwah and Lovelace
studies made similar assumptions but Utah
assumed that the beagle skeleton was 7.5% of
the young adult body weight and Lovelace
assumed 10°, of the body weight. Garsd er al.
(Ga8l) described the study of beagle skeletal
growth at Davis that showed the wet skeleton of
a 540-dav-old beagle ranges to vary from 7.0%
to 9.8%, of the body weight with an average of
8.4%, (a coefficient of variation of about 6%;). To
reconcile the different skeletal masses used at
the three laboratories, and make the skeietal
dose rates comparable, all the reported doses
were corrected for an assumed skeletal weight of
8.4% of the young aduit body weight. The Utah
doses; werx multiplied by 0.89, the Lovelace
dbsessby 1'19, and the Davis doses remained
nunchaged.

In tke Dawe ssudy, 243 young aduit beagles
comprisicp tath ssxes were administered eight
fortnightl> iniravetrous injections in six dosage
groups of **Ra in 9.1 = nitric- acid in saline

CARCINOGENICITY OF RADIUM AND BONE-SEEKING ACTINIDES

beginning at 435 days of age and ending with
the last injection at 540 days of age. The ex-
posure starting ume was taken as the midpoint
of this injection penod. A total of 78 controls
were concurrently injected with equivalent vol-
umes of the 0.1 N nmitric acd in saline but
without #*Ra. The radium bone burdens were
measured by in vivo external counting for each
dog throughout its life so that absorbed radi-
ation dose rates and cumulative doses couild be
estimated for each individual using the appro-
priate calculated skeletal mass (Ra81a). Details
of dosimetry and overall responses have been
given by Raabe er a/. (Ra8la). Dose response
relationships as descnbed by eqns (1), (2) and
(3) have been shown to well represent the data
(Ra80; Ra81b). The 123 bone cancer cases (all
but three being osteogenic sarcoma) provide the
largest cohort of cases available in anv one
study with dogs. and the basis of comparisons
of other radiation-induced skeletal carcino-
genesis.

The Lovelace studyv involved the inhalation
exposure of 144 beagles varying from 12 to 14
months of age to two sizes of respirable aerosols
of PPuQ. as described by Hahn er al. (Ha81).
An additional 24 unexposed beagles were as-
signed as controls. Because of the fragmentation
of the *“PuO: particles in the lungs of the
beagles after inhalation deposition. Z*Pu was
slowly translocated via the blood to liver and
skeleton. The result was that =*Pu exposure of
the skeleton involved very little accumulated
radiation dose prior to 100 days post-exposure
as described by Hahn er al. (Ha81). However,
the observed balf-time of the lung burden of
Py was reported to be somewhat greater than
100 days so that the time average burden of
B3Py in the skeleton was about equal to that of
the lung and the gravimetric cumulative radi-
ation dose to the skeleton reached about one-
fifth of the dose to the lung by 1600 days after
exposure (Ha8l). Since it was not possible to
measure the **Pu bone burdens by in vivo
counting. the measured initial and final lung
burdens were used by Hahn er a/. (Ha81) with
separately determined metabolic modeis to cal-
culate the skeietal doses (In81). No correction to
time to death was made for delayed transport to
bone in this analysis. .

The Utah Ifetime studies with beagles of the
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effects of #*Ra, ¥*Ra, #*Th. ¥Pu. *'Am, *°Cf
3Cf and Es in bone all followed the same
basic experimental design as described by
Dougherty er al. (Do62), involving a single
intraveneous injection at about 1-2 yr of age.
Most exposures were at between 460 and 600
days of age. although a few exposures occurred
at later than 2 yr of age. Separate comparative
studies. not considered herein. were also con-
ducted at Utah using young dogs and older dogs
for evaluation of changing radiation sensitivity
with age. Typically. the single inmjection (8 to
10 mi) was given via the cephalic vein with the
chosen radionuclide in a catric acd-sodium
citrate buffer solution at pH about 3.5 so that
polvmenzation was avoided. Several dosage lev-
els were used. described by microcurie injected
per kilogram body weight at time of injection.
For lifetime studies a total of 104 beagles was
exposed to ~*Ra in seven dosage groups. 74 to
2tRa (which was mixed with small amounts of
=*Th) in seven dosage groups (a few individuals
receiving considerable 2*Th with the **Ra;
LI70a). 78 to ='Th in' eight dosage groups
(St81). 232 to ®*Pu in 10 dosage groups (Ma76),
116 1o *'Am in eight dosage groups (LI170b), 30
to ***Cf, and 30 to **Cf, each in five dosage
groups. and 67 1o *Es in two dosage groups.
Dosimetry was based on in vivo countng of
individual dogs exposed to **Ra, ZRa, *'Am.
Cf, ¥*Cf and *’Es. but was based on model
retention equations for =*Th and ¥*Pu (L170a).
A 1otal of 130 beagles were injected with non-
radioactive citrate solutions as controls in con-
junction with these various studies.

Among the studies used for the analyses of
bone cancer in beagles at the three laboratonies
there were thus a total of 232 unexposed dogs
on lifetime studies as controls. Among these
unexposed control dogs only one case of osteo-
sarcoma has been reported. About 25%, of these
controls are either still alive or their causes of
death have not yet been reported, but the inci-
dence of bone cancer among unexposed beagles
is probably less than 0.5%, and may be as small
as 0.01°%, (Ma69). The use of individuai bone
cancer cases herein to estimate the cumulative
nisk presumes all observed cases are in fact
radiation induced. Cases occurring near the end
of life span were not used to avoid distortion of
ihe dose-response function caused by competing
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nsks; natural bone cancers, if pﬁ:scnt. would
likely be among these censored cases.

RESULTS

The results of fitting eqn (2) to the data for
these sets of bone cancer cases in beagles are
summarnized in Table 2. Overall. the negative
slope parameter S was similar for all of the
radionuclides with an average of 0.29 (0.01 SE).
Dose-rate/ume-response functions with § =
0.29 were also fit 1o these data and are given in
Table 3. The =°Ra resuits at Utah correspond
almost precisely with those at Davis with only
a 3°, difference between the fitted values of K.
and negative slope S. Figure | illustrates the
combined #*Ra data from Utah and Dawvis and
the response function given by Raabe er al.
(Ra80: Ra8ib). The three-dimensional log-
normal dose-rate/time-response surface repre-
sented by these data was reconstructed from
eqns (3) and (6) as shown in Fig. 2.

The observed response relationships for bone
cancer in beagles from *'Am, **Cf, *Cf and
*3Es are all similar as shown in Fig. 3 with the
median function for **' Am from Tabie 3. Those
for ®Pu and **Pu were somewhat different
from each other as shown in Fig. 4 with the
fitted median functions from Tabie 3. The **Pu
results for dose rates larger than 2rad/day
vielded essentially the same time to death, so
that those six cases above 2rad/day were not
used in obtaining the fitted lognormal response
function, because they do not fit eqn (2).

The results for “*Th and ®*Ra are shown in
Fig. 5 with the median response functions from
Tabie 2. The fact that some =*Ra-injected bea-
gles also received significant dosages of Z*Th
mixed with the **Ra was not apparent from
these results. Dogs receiving ©Th with ®Ra
were not distinguishable from the other #*Ra
dogs on the dose-rate /time-response piot.

The observed skeletal bone tumor dose-
rate/time-response functions for these nine
bone-secking radionuclide chains involving al-
pha irradiation of bone are basically similar
with average negative slope S of 0.29 (0.01 SE).
The distribution of bone cancer cases about
their respective median values of X (K,, in Table
2) have about the same logarithmic variance
(0, = 1.17 with 0.01 SE) for the radionuclides.
Hence these response functions are all surfaces
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Table 2. Fitted parameters of the lognormal dose-rate/time-response surface for radiation-

induced bone cancer in beagles for selected bone -seeking radionucliides (eqns 2 and 3) where S is the

negative slopt (with standard error. SE) and o, is the geometric standard deviation (with the fitted

S) of K values ahaut the median K (with geometric standard error, GSE) for n cases of bone cancer
deaths (with the correlation coefficient, r)

Nurfide® Xm (GSE) S (st} =g (SE) n r Dos imet ey
226m, (D) 2464 (1.02) 0.29 (0.01) 1.7 ne 0.93 "
226Rs (u) 2441 (1.03) 0.30 (£.02) 1.15 39 0.95 »
22y (V)T [1793 (1.03)]*  [2.3% {o.c]t Mh.20) % 0.90 M
228vh () 1188 (1.02) 238 (0. 1.16 39 0.96 ¢
2Bey (1) 1171 (1.07) .25 (0.0%) 1.2 50 0.62 ¢
239y (u) 1343 (1.04) 0,27 (0.0 e Y] 2.91 r
281pm (u) 1850 (1.06) 6.2¢ (.02 119 2€ 0.81 v
249,252c¢/

283ey (v) 1399 (1.06) £.31 (c.0e° 1.12 17 0.82 -

Averesges 0.29 ‘0.0 1.7 reLon)

*(D) = Qavis, (L) = Lovelace, (U} » "=ar
**C » goses calculated Dased o= avereze rete~ticr ecusiions for separately stuwdiec dogs,
M = doses evaluated Dased uror 1r vive ress.remests of body anc skeletsl retenzion
on an 1ndividual dog bas's
1228Rg mixed with different levels o 225™  va'yues no: usec for cverages

Table 3. Fitted parameters of the lognormal dose-rate !time-response surface for radiation-

nduced bone cancer (eqns 2 and 3) in beagies with fixed negative siope S = 0.29, where o, is the

geomerric standard deviation of K ralues about the median K, (with geomertric standard error,

GSE) for n cases of bone cancer. The correlation coefficient, r, and caiculated relative biological
effectiveness (RBE ) relatire to Daris =*Ra results (D) are also giren

Myctide* Ke {6ST) K n r RBE
226rs (D) 2464 (1.62} 12 s c.92 1.0
226p, (u) 2422 (1.02) A H 39 0.93 11
228, (u)* {179¢ (1.c2']° %43 14 36 0.9 3.0
228m (u) 1240 (1.0 110 39 0.9¢ 1.7
238py (L) ms (.en 1.0 50 0.5 158
239y (u) 1308 (1.0 1.18 “ 0.9 9.0
260 () 1889 (101 1.9 30 0.8 6.4
249,252¢c¢/

2535 (v) 28 (1,01} 1.12 ” 0.8 6.6

MB) - w1, (L) = lovelace, % e e

28Ry moved with snal! gmourss of 2227 some ttividuals were
1njected with & sclotior ir whicr 222% contriduted 157 ¢ the tomal
1 gantegration rote.
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F1G. 2. Three-dimensional representation of the lognormal dose-rate ‘time-response surface of

eqn (3) (for median K, = 2500, S = 0.29, and o, = 1.17 illustrated in two-dimension in Fig.

1) for the risk of bone cancer from **Ra in beagles piotted as risk at various times to death

and average dose rates to skeleton. All dose rates result in risk = | given enough time.

Multiplving the time by the response ratio (RR) for people = 3.6 (Ra80: Ra81b) yields the
equivaient three-dimensional risk model for bone caacer for people.
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FiG. 3. Two-dimensional companson of the fitted median (Z = 0) response relationships for

beagles that died of primary bone cancer from exposures to 2*'Am, **Cf. ¥**Cf. and **’Es and

the median (Z = 0) response function for 2°Ra from Fig. I, plotted as loganthm of tme (¢)
from initial exposure to death vs the loganthm of average skeletal dose rate (D).
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FiG. 4. Two-dimensional comparison of the fitted median (Z = 0) response relationships for

beagles that died of prima-y bone cancer from exposures to 2’Pu and #*Py and the median

(Z = 0) response function {7o. “*Ra from Fig. |, plotted as logarithm of time (¢ ) from inital
exposure @ deatt’: vs the logarithm of average skeletal dose rate (J).
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FiG. 5. Two-dimensional companson of the median (Z = 0) fitted response relationships for
beagles that died of primary bone cancer from exposures 10 **Ra and “*Th and the median
(Z = 0) response funcuon for ~*Ra from Fig. 1. plotied as loganthm of time (r ) from nitial
exposure to death vs the loganthm of average skeletal dose rate (D).

similar to the three-dimensional relatuonship
shown in Fig. 2 displaced according to their
respective differences in K,,. The relative biolog-
ical effectiveness (RBE) values were calculated
as given by eqn (10) using the “°Ra results as the
reference radiation dose pattern. These RBE
values are also given in Table 3

DISCUSSION

Dose-response funciions

The use of lognormal dose-response re-
lationships in describing such data has been welil
established in toxicology (Li49) and radiation
biology (St57). Also, the apparent linearity in
logarithmic coordinates of the vanation of time
to effect with dose rate has been previously de-
scribed for both chemical and radiation carcino-
genesis by Druckrey (Dr67) and Albert and Al-
tschuler (Al73). Raabe er al. (Ra81b; Ra83)
further systematized this approach with empha-
sis on the underlying three-dimensional response
surface that describes the risk distribution with
respect 1o dose rate and time. This report further
demonstrates the three-dimensional surface and
its usefulness in comparing responses from
different radionuclides.

The overall remarkable similarity of the re-
sponse patterns for these nine bone-seeking ra-
dionuclides (with progeny) using these methods

of evaluating the data is apparent from the re-
sults. The negative slopes. S. are all similar, the
distnbution of cases about the median lines have
nearly identical vanances. Interpretation of the
results reduces to consideration of the respective
apparent relative biological effectiveness. The
close agreement between the Utah and Davis
*Ra studies is remarkable considering the
differences in exposure paiterns (single injection
vs multiple injections), laboratory management
and dog genetic history.

Marshall and Groer (Ma77) developed a
mathematical three-step celiular model of bone
cancer induction from #*Ra invoiving initiation,
promotion, and celi killing. They used it to inter-
pret the *Ra bone cancer data in the Utah
beagles and in the available human data. Their
model involved a type of three-dimensional anal-
ysis with data arrays of dosage level. time and
cancer yield. Radiation dose rates to the endo-
steal cells were estumated and used for dose cal-
culations. However, although they removed
losses from competing risk retrospectively, they
did not correct the cancer yield values for pro-
spective competing risks (such as spontaneous
deaths from aging or from other radiolytic
effects). Their model was fit by the minimum
chi-square method. Their resuits yielded several
conclusions that conflict with the findings de-
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scribed herein. These conflicts include therr con-
clusiop that tumor rate reaches a piateau at high
dases and that a given cumulative dose *“‘pro-
cdaces a single tumor rate...no matter what
pattarn of dose rates and timnes cesuited in the
dose”. In fact the time 1o effect is crucial and the
cumulative dose is a poor indicator of the tumor
rate. Cumulative dose has been shown to be an
inappropniate basis for #°Ra induced bone can-
cer nisk esimation (Ra81b; Ra83). The incidence
plateaus that they observed at high doses were
caused by competing risks.

Mays and Lloyd (Ma72) fit linear functions to
two-dimensional plots of uncorrected bone can-
cer incidence vs cumulairve dose for beagie.
human and rodent data invoiving “*Ra. “*Th
and “"Pu and found reasonabie good cor-
relation. However, since their incidence data
were not corrected for <ompieting nisks. the
relationship of these resuits to corrected cumu-
lative incidence rates is not clear. Rowland er al.
(Ro83) studied the human “*Ra bone cancer
data. but also negiected to correct for competing
nisks so that their results also reflected an amai-
gamation of the various risks with a reduction
of bone cancer risk implied at higher doses due
to deaths associated with carcinoma of the nasal
sinuses. and other detrimental radiogenic
effects. Rosenblatt er al. (Ro71) and Goldman er
al. (Go73) used a rigorous lifetable approach to
evaluating the risk funcaon (cumuiative inci-
dence rate) for the Utah 2*Ra beagie data
adapting the method of Cutler and Ederer
(Cu58). They fit their results adequately to
logistic functions to form a three-dimensional
surface. However. even though the three main
dosage groups had risk tkat achieved 1009, at
later times. they chose to truncate the results
producing a Jower maximum risk at lower dos-
age levels to simulate the incomplete cumulative
incidence rate data at those lower levels. Other-
wise, their three-dimensional model would have
been similar in essential Sfeatures to the log-
normal model.

The individual case approach used in this
repost avoids the problem. of correcting for
commeting risk by presuming that the overail
distntition of cases in tine willl not be
mariiedily changed by a few losses ta other
cffieis. tthwever, the cases occureirsg i ragion of
doserate for which competing risks are substan-

CARCINOGENICITY OF RADIUM AND BONE-SEEKING ACTINIDES

tial were not used in the analysis. A major
shorticoming of this approach as it stands is the
absence of a clear method for weighting the
points in the fitting process to adjust for small
biases associated with losses to competing nsks.

If the time to neopiastic response i1s propor-
tional to the average distance between radiation
events for alpha irradiation as suggested by
Jones and Grendon (Jo75). then the true nega-
tive slope. S. for the loganthmic response func-
tions would be exactly one-third. since the aver-
age chord between events 1s proportional to the
cube root of the concentration of events given
by the dose rate. The observed values of S for
=!Ra and ="Th were close to one-third (Table
2). In fact. the observed average value of S of
about 0.29 observed in these regression analyses
may be smalier than the true vaiue because the
independent vanable. dose rate. is itself a van-
ate having a statistical uncertainly.

For exampie. the “*Ra dosimetry assumes
that all beagles have skeieton weight 8.4°, of
body mass at 540 days of age. The actual
distribution of the skeletal mass has about a 6°
coefficient of vanation (Ga8l). so that the dose
rates calculated have a loganthmic vanance.
¢, 5 of about In°(1.06). Kendall and Stuart
(Ke79) treat the statistical problem of statisucal
uncertainty in the independent variable and
provide an improved estimate of the negative
slope given by

SsS/(l—l:z':;).

where In’ o, is the observed variance of the In ¢
values about the fitted function (eqn 4). The
resulting improved estimate of the negative
slope § = 0.335 for the ®*Ra data is very close
to one-third. Since the “*Ra data are clearly the
most reliable of all those presented, this resuit
suggests that the underlying true negative slope
for all these radionuclide loganthmic dose-
rate'ume-response relationships may in fact be
one-third. as suggested by the average chord
model (Jo75). Table 4 and Fig. 6 show the
revised median results when a logarithmic func-
tion with § = 1/3 is assumed.

amn

Relative biological effectiveness
The observed differences m relative biological
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Table 4. Fitted paramesers of the lognormal
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dose-raie [time-response surface for radiation-

induced bone cancer (eqns 2 and 3) in beagles with fixed negative slope, S, equal 10 one-third where
a, is the geometric standard deviation of K values about the median K,, (with geometric standard

error. GSE). for n cases of bone cancer. The
biological effectiveness (RBE) relative

correlation coefficient, r, and caiculated relative
10 Davis 2 Ra resuits (D) are aiso given

Nucl ide® Km (GSE) ‘g n r RBE
22634 (D) 2575 (1.02) 1.18 ns 0.92 1.0
22634 (u) 2515 (1,02) 1.16 39 0.94 1.1
228py (U} (1793 (1.03))* [r.20)* 36 0.90 3.0
2281h (y) 1200 (1.03) 1.16 39 0.96 9.9
23y (1) 1952 {1.03) 1.19 50 0.58 4.7
3%y (v) 1226 (1.03) 1.20 4 .88 9.3
28V A (U) 1382 (1.03) 1.20 30 0.8) 6.6
249,252r¢ s

2%3cy () 1373 {1.03) 1.2 7 0.8 6.6
;gg a: g::;;-n(krz :m:?{el-‘;fr‘\'.iugf-zgé“r:; some ndividuals giver 15%

228Th py aciivity dasige.

effectiveness can be interpreted as differences in
the temporal and spatial patiern of absorbed
dose to the sensitive living cells associated with
bone surfaces in the skeleton (Ma73). This may
be directly related to differences in distnbution
patterns. Beddoe and Spiers (Be79) prowvide

calculations of the relative cellular surface doses
for bone ‘‘volume-seeking” radionuclides such
as “*Ra and for *‘surface-seeking™ radionuclides
such as ®"Pu. They found the ratio of cellular
doses between Z*Pu and ®*Ra to be 6.2 for
beagles and 7.0 for man for trabecular (cancel-
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FiG. 6. Two-dimensional representation of theoretical dose-rate/time-response models shown
at the median (Z = 0; risk = 0.5) for beagles (RR = 1) and people (RR = 3.6) for primary bone
cancer from exposure to nine bone-secking radionuclides assuming the time (7 ) to death from
initial exposure is inversely proportional to the cube root of the average skeletal dose rate (D).
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lous) bone. compared to 49.2 for beagles and
25.2 for man for cormcal (compact) bone. Al-
though most of bome i3 cortusal (about 80%),
most cells at rnisk anc: mow. deposited radio-
nuclide atoms are: in trabssular bone. If it is
assumed for beatles that 15% of each of the
radionuclides deosiis in cortical bone and the
remaining 85°, ceposits in trabecular bone. then
an RBE of about 16.6 would be expected from
their calculations for “*Pu with respect to **Ra
assuming theyv bthave as ideal surface and vol-
ume scckers. respectively. Actually. neither
radium nor the actinides will be ideally distrib-
uted so that RBE values smaller than 16.6 as
observed are consistent with expectations.

The volume-secker radionuclides are those
that chemically mcorporate like calcium into the
bone but thev tegin as surface deposits in areas
of bone remockling. The surface seckers are
those that assoaate with tissue at bone surfaces
and do not emer into the ordinary chemical
processing of bone mineral. For example,
PutlV) does not form 1ons at physiological pH
{Ra78) and may enter into macrochemical inter-
acuons with biological complexing agents in-
cluding aitrate. The in vivo mobilization of these
actinides may be a fragmentation process
(F177). The relative consistency with time after
exposure of the RBE values for each actinide
suggests that they continue a cellular association
through the life of the beagle.

Two relationships among the observed RBE
values are of patticular interest. Neither the two
radium isotopes nor the two plutonium isotopes
demonstrate coasistent RBE values. The RBE
of “*Ra was otserved to be 3 with respect to
2*Ra. while the RBE of ®Pu was observed to
be 15.5 comparaed to only 9.0 for ®’Pu. The
small difference in irradiation energy for the
respective i1sotoye pairs does not appear
sufficient to explain these differences. Several
possibilities exist.. however.

The =*Ra is nean alpha emitter and must
decay 10 **Th bwbre any aipha irradiation
occurs (Table 1) . Tz #*Th may become par-
tially associated wth surface cells before it
decays enhancing itisei*etiveness. This possi-
.'glity could explain ti's RI¥E of 3.0 observed for
“Ra.

The high observed RBE of2*Pu nompared to
*‘Dy may be related to differences in macro-

AND BONE-SEEKING ACTINIDES

chemical form since 2*Pu probably entered the
blood as ultrafine particles of PuO, smailer than
0.01 ym in dia. (Ra78) while ®Pu was injected
as a citrate complex. Enhanced ceilular associ-
ation may be associated with particulate S*Pu.
Another possible explanation is related to the
protracted nature of the exposure of bone sur-
faces associated with the inhaled **PuQ, com-
pared to injected 2?Pu citrate. After inhalation
of ¥PuQ,. plutonium passed from lung to bone
via blood over several hundred days so that
many more cells on vanous bone surfaces may
be been encountered by the depositing Z'Pu.
Either or both of these considerations couid
explain the higher observed RBE for inhaled
%Py compared 1o injected “°Pu.

Induction uume and latency

As reported by Raabe er al. (Ra80: Ra81b).
the time between iniuaunon of exposure and
death from bone cancer 1s longer at lower
average dose rates (lower radionuclide bone
concentrations) than by higher average dose
rates. If there is a mimmum latent peniod asso-
ciated with the induction of bone cancer. its
cffect on the dose-rate/time-response re-
lationship was not completely clear. The **Pu
data for dose rates above 2rad/day suggest a
minimum time between exposure and death of
about 1000 days. but the #*Th data show deaths
from bone cancer as early as 550 days. It is
reasonable to expect that there must be a min-
imum latent period after induction of bone
cancer, and 1t is therefore probably shorter than
about 500 days.

A practical threshold dose or dose rate below
which bone cancer deaths are unlikely is sug-
gested at low dose rates for all these radio-
nuclides. just as has been reported for “*Ra
(Ra80). This occurs because the elapsed time
required to reach an appreciable risk level in-
creases as dose rate (exposure) decreases and
may exceed the normal lifespan. As individuals
age. they enter the region of increasing risk as
shown by increasing ¢ in Figs. 1-6. At high dose
rates the region of risk for bone cancer is
encountered before the region of risk for natural
death, so that premature death from bone can-
cer is mare mxobabie than death from agng
processes. At low dose rates,. on the other hand.
natural deaths ocxur before bone tumors de-
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velop. The median natural lifespan for un-
exposed control beagles at Davis is shown for
reference as 1, in Fig. |1 and Figs. 3-6. Raabe e/
al. (Ra80; Ra81b) calculated a practicai thresh-
oid for “*Ra-induced bone cancers in beagles
using three geometric standard deviations below
the median risk at a cumulative dose of about
50rad at the median lifespan; this would yieid
a 0.13%, nsk near the end of natura] life. Similar
practical threshold values for beagles can be
caiculated for the other radionuciides by di-
viding by their respective RBE values (Table 3)
10 obtain about 5 rad for “*Th. 3 rad for #'Pu,
6 rad for *°Pu. 8rad for *'Am. **Cf, 3*Cf, or
2”ES.

Interspecies scaling

To scale the dose-response results to people
or other amimals. the same dose-rate/time-
response relationships derived for beagles (eqn
3) can be appiied to other species using the
procedure described by Raabe er al. (Ra80:;
Ra8lb). in this approach the relationships are
displaced by a species-dependent factor named
the response ratio (RR) so that the median
value of K for the selected species is given by

K_ = K, (beagles) x RR. (12)

The values of RR for people and mice for **Ra

1255

were calculated to be 3.6 and 0.34, respectively.
The observed g, values for mice and people were
larger than for beagies, but this may be due to
data uncertainties rather than intrinsic differ-
ences in relatve vanance.

To use the same response ratios for bone
tumors from the actinides, RBE values must be
the same for these nuclides in the three species.
The evidence is limited. but data are available
companng CF, female mice that were injected
with either #*Ra bromide or **Pu citrate in
separate expenments (Fi62; Fi69; Ro62; Ro69).
The studies by Finkel (Fi62; Fi69) did not
involve measurements of bone retention, so
dose rates had to be based upon retention
assumptions. The Z*Ra dose was calculated as
reported by Raabe er al. (Ra81) and the 2Py
dose was calculated with the same assumptions,
but with the 2°Pu retention data for female CF,
mice reported by Rosenthal and Lindenbaum
(R062; Ro69). Functions of the form of eqn 2
were fit to the median ume of death for each
dosage group based upon the calculated average
dose rate for the group. This comparison for
mice is shown in Fig. 7 in which the median time
to death (+34% range) is plotted vs average
skeletal dose rate. The observed o, values were
1.2 for ¥°Pu and 1.3 for *Ra. Only the higher
dosage groups were used to avoid bias caused
by the competing risks at the median lifespan
(1, = 655d). The calcuiated RBE = 11.4, based

ISOC T 1 LER RN T i T T TTTY T T SLONE SR S N N O
— 1000} BONE TUMORS IN MICE 1
" - »
z .OO:- /l“-n ievenn t =655 . |~-030( 5..‘1-0 ]
e L t (RAAGE, 1980
: mﬁ\f\lv P i | -
x ) T N
- ! .
: 00 i’.\T~ \f
8 300 -
[4 .
- -
\~‘ b |
§ 200% o rmatc 8 Bsais (1962 )-0v-239 S~ b
- @ ROSENTHA_ ( 1962 149 )-Py- 239 oIee~
© FumiL (19691 Re- 228 1p,7420( B, ) ‘~-~~\
1o o} O S U ] 1 1 [ S H L I T 1-1
03 o038 07 2 3 s 17 © 2 ¥ 0 T 100

AVERAGE OOSE RATE TO SKELETON, D (RADS/DAY)
Fi1G. 7. Two-dimensional presentation of the primary bone tumor deaths at the high dose rates
for femaie CF, mice similarly exposed to 2'Pu by Finkel and Biskis (Fi62) and by Rosenthal
and Lindenbaum (Ro62: Ro69) and to *Ra by Finkel er a/. (Fi69) showing the response
model of median risk with S = 0.29 plotied as logarithm of time (r) to death after initial
exposure vs logarithm of average skeletal dose rate (J).

AI-DOE-13504

FOAM 71Q.P RFV. 2.AN

137



1256

upon the fitted functioms. This RBE is not
remarkablv different from she RBE = 9 for bea-
gles for *Pu bone tumcss. This suggests the
accernability of using dhr same response ratuzs
for ictinides as observed for “*Ra along with
the RBE values observed in the beagle studies,
altiough the exact RHE values for people are
novy-known.

‘fence, the dose-rate/time-response re-
latonship for people: for bone tumors from
these alpha-emitting radionuclide chains can be
ottained from

1 =(RR)KD -5, i13)
where the values of £ and § are those obtained
for beagies and RR is the appropnate respanse
ratio. On this basis, the time to death cocrdi-
nates of Figs. 2 and 6 can be multiplied by 3.6
to provide the equivalent dose-response re-
lationship for people-(as indicated in Fig. 6) or
by 0.34 to provide the equivalent results for
mice. Raabe er al. (R280) estimated a =*Ra bone
cancer practical theeshold for people (with
c,=131) of 80rad delivered over S5yr
(9.004 rad day). With the RBE values of Tabie
3.'the corresponding practical threshoid values
from eqn (13) are therefore about 7rad for
**Th, 5 rad for **Pu. 9 rad for “*Pu. and 12 rad
for *'Am. **Cf. *:Cf, or ¥*Es. At the current
arcepted maximum bone burdens for oc-
capational exposures (3rad‘vr for radium,
0 6 rad.vr for other alpha emitters). the calcu-
lated bone cancer nsk after 50 yr of exposure
using eqns (5) and (6) would be 10~ for =*Ra,
0.93 for =*Ra. 0.007 for #*Th. 0.03 for =*Pu,
0.203 for **Pu. 10-* for *'Am, *°Cf, *Cf. or
“'Es. assuming ¢, = 1.2 for people for all the
nuclides and S =0.29 (Tabie 3). A skeletal
burden of 1 pCi of ***Pu as is common amang
the general population due to environmental
exposures (Me8l) would result in an
infinitesimal nisk in 70.yr (< 10°%).

SUMIARY

Tik.dose-response relitianships of nine bone--

seekn y: radionuclides with progeny) for the
produciion in beagles of proimary bone cancer by
alpha-pasticle irradiation foilow mathematucally
similar iognormal doserate?time-response re-
latioashigs with negative slopms of about 0.29

CARCINOGENICITY OF RADIUM AND BONE-SEEKING ACTINIDES

but displaced with respect to #*Ra by relative
biological effectiveness that varies from 3.0 for
Z!Ra and 6.4 for *'Am, *°Cf, 2Cf and *Es 10
9.0 for ®°Pu, 10.7 for Z*Th and 15.5 for *Pu.
A true negative slope of exactly one-third is
suggested by the statistical interpretation of the
results. All radionuclide exposures showed
longer induction periods at lower dose rates.
For each radionuclide exposure and species a
practical threshold dose or dose rate exists
below which no cancers are observed because
the time required to reach significant tumor risk
exceeds the natural life span. Use of a previously
observed response ratio of J.6 for man allows
the prediction of dose-rate‘time-response re-
lauonships for people from these results. It
takes 3.6 umes longer to manifest boae tumors
or develop equivalent nsk in people than 1n
beagies at any given dose rate (bone concen-
tration of radionuclides).
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Abstract—Conunuous production of organic wasics {rom a large dog culony on a dict con-
taining various amounts of Sr¥® required the design and construction of a moderate-size waste
trcatment plant. The conitaminated wastes contain in excess of 5 » 1078 uc Sr®/ml and are

produced at approximatcly 200-500 gal/day.

Decontamination depends upon efficient

utilization of the principles of primary sedimentation, acration, chemical clarification and
filtration prior to passage of the waste through 3 {13 of cation exchange resin. The expended
resins are disposed of by offsite burial. Trcatment of over 115,000 gal of waste has produced
(inal cflluents whose average annual concentration does not exceed the current permissible limit
for 5r* in drinking water. The treated waste strcam is discharged into an underground
icaching ficid. Dccontamination factors up o 5 » 104 have been achieved. The current cost
of treatment 1s cstimated at less than 15 cents/gal including material, (resin costs 1.2 cents/gal),

labor and plant amortization.

INTRODUCTION
Ix 1933, at the School of Veterinary Medicine
of the University of California at Davis, plans
were formulated to create a major research
facility to study the long-term effects of continual
ingestion of Sr? contaminated food by a large
colony of beagle dogs. It was immediately ob-
vious that special planninr would be necessary
to handle the disposal of excreta from these dogs
during the Sr% feeding period. The experi-
mental plan entailed feeding Sr? to over 200
dogs from the onset of fetal ossification through
weaning (via the dam), and thereafter in the
daily ration until 18 months of age. Following
the Sr'® ingestion period, the dogs are main-
1ained on the same diet (without added Sr?%)
for their life-span in order to observe and evalu-
ate the physiologic and pathologic effects of

* Work performed under the auspices of the U.S.
Atomic Energy Commission.

+ Prewentrd in part at the Annual Meeting of the
Hcalth Physics Society, June 11-14, 1962, Chicago,
Hlinois.

: Sanitary and Hvdraulic Enginecring Division,
University of California. Berkeley, California.

§ Present address: Department of Civil Engincer-
ing. \'anderbilt University, Nashville, Tenncssec.

long-term Sr% exposure. Through correlation
of these results with those obtained from a paral-
lel study on a colony of dogs receiving a com-
parable body burden of Ra®¢ by intravenous
injections, and with known Ra®¢ effects in
humans, extrapolations will be made to possible
long-term effects of Sr?® ingestion in man.
Seven dose levels were included in the Sr?°
ingestion pliase of the experimental design as

Table 1. Strontium® ingestion phase of experimental design

Total Sr%
in wastcl
Dose Number Diet % of
level of dogs (uc Sr*/g Ca) mc total
5 35 3.33 179.4 67
4 35 1.1l 59.8 22
3 35 0.37 19.9 7
2 35 0.123 6.6 2
1 35 0.021 1.1 '(])
0.5 40 0.007 0.5
0 G5 0.000 0
267.3

! Bascd on a total of 540 meals per dog with an
average 5 per cent retention of Sr™ fed. (300g
food/dav/dog at approx. 1 per cent calcium.)

o7
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summarized in Table 1. Of the 300 mc of Sr¥°
used in the study, 90 per cent are adminisiered
to the rwo highest levels. Since Sr¥® is inefli-
ciently absorbed by the animal from the dict,'"
a major [raction (approximatciv. 90-95 per
cent) appears in the excreta, The ingestion
phasc of the experiment extends over a span of
scveral years, since all dogs arc not trcated
simultaneousiy.

PRELIMINARY INVESTIGATIONS

Laboratory studies were undcriaken by the
Sanitary Engincering Research Laboratory of
the University of California at Berkeley 1o
provide guides for the design of a suitablc dis-
posal scheme capable of treating Sr®%-contami-
nated organic wastes. Because of the volume of
waste to be gencratcd, it was esscntial that
decontamination be sufficient to permit local
discharge.

Initially, the composition and volume of the
waste had to be estimated. The daily food pro-
vided cach dog would consist of approximately
300 g, containing | per cent calcium, and pre-
scribed amountsof Sr?°. The amount of drinking
water was calculated to be 600 ml (5 meq/l.
total hardness). The corresponding amounts
of waste material were estimated to be 175 g of
solids daily, both feces and uncaten food, and
600 ml of urine. Cagc washing ‘appeared to
require 2-3 gal of demineralized water for cach
dog per day. Calculations based on thesc data
provided the estimated characieristics of the
waste stream given in Table 2.

Table 2. Estimated waste stream
characteristics

Volume 200-500 gal/day

Total solids 15.000-21,000 mgj/..
Total hardness 25-36 meq/l.
Strontium® 0.3-0.5 uc/l.

Prcliminary cost estimates indicated that land
burial or sea disposal of the cntire waste stream
would be costly. Both cvaporation and ion
exchange appcarcd more attractive from an
economic standpoint; however, evaporation
posed problems of safe handling, possibie air
contamination from ofl gases, and uncertain
hoiling properties because of the high organic
content of the waste. For these rcasons it was

THFE REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTLE

decided 10 investigate various treatment possi-
bilities uulizing 10n exchange.

Since solids suspended in a liquid passing
through an cxchange resin column mav ad-
versely affect the ion exchange process by
blinding resin pores or blocking exchange suies,
in addition to the complexing of Sr% inte non-
exchangecable forms, alternate waste streams
were considered:

(1) Either a combined strcamn that inciudes
fecal material, excess or spilled food
solids, urinc and demincralized water:

{2) or a scparated wastic liquid stream that
includes urine and wash water, and. in
addition. a relatively small amount of
solid waste washed from the cages.

Collection of solid wastes at the cages for sepa-
raic disposal would have heen required in the
case of the second alternative, and laboratory
and University Radiological Protection person-
nel favored the combined svstem since it
appeared to simplifvy cage cleaning and waste
transport.

The (casibility of adopting ion exchange for
the trcatment of the dog wastes was dependent
upon the degree of decontamination obtainable.
The unit used to cxpress the dearee of decon-
tamination obtained is the Decontamination
Factor:

Decontamination Factor (DF) =

Initial Radioactivitv Concentration

Final Radioactivity Concentration

Laboratory confirmation of the ability of ion
exchange to achieve the rcquired decontami-
nation was necessary. The cffect on decon-
tamination of such parameters as flow rate,
cation concentration in the influent waste liquid
and residence time in the ion exchange column
were investigated. The influence of the organic
colloidal material on the success of the resin in
removing Sr? could be evaluated only by labora-
tory studics with simulated wastes. Fecal matter
and urine from test animals were diluted with
appropriate amounts of distilied water and the
mixture allowed to digest for 2 months. The
supernatant was withdrawn and used in the
laboratory study as waste representative of the
actual waste stream after primary settling but
without additional pretrcatment.

The first laboratory experiments consisted of
dciermining the decontamination obtainable by
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passing the supernatant from the digested svn-
thete waste through a cation resin column
without pretreatment.? Sr% was added to
cnable measurement of the decontamination
tactor. The simulated waste contained about
2000 mg/l. non-sctiicable solids and 1.4 meg/l.
1otal hardness, with a pH of approximately 8.0.
The influence of resin residence time of the
simulated waste on thc decontamination factor
is shown in Fig. |. The resin used in the [-in.
diameter glass columns for ali the expenments
was a high capacity, strong acid cation cx-
changer, in the sodium form, commercial grade.
i3 per cent cross linkage, 16-30 mesh.

>

(ol -

DL CONTAMIATION FACTOR STRONTIUMSO (4,

1 F I H ] 1

5 10 15 20 23 »
EFFECTIVE RESIDENCE TIME = MiIN

Fis. 1. Decontamination of simulated waste by ion

cxchange without pretreatment (constant flow ratc

using variable column length).

=
oi-

The effluent requirements adopted for the
laboratory investigation were from the current
drinking water radiation guides established by
the AEC."® This limit would require that a DF
ol approximately 10¢ be obtained by treaument
of the waste. The laboratory investigation of
strontium removal by ion exchange without
pretreatment did not provide a sufficiently large
DF, therefore additional studies were under-
taken 1o determine the effect of waste pretreat-
ment.

V'arious pretreatment methods were investi-
gated to improve the decontamination by
removing a greater part of the non-settieable
solids. The criterion used was maximum clari-
fication without production of excessive sludge.
The primaryv investigation was flocculation with
aluminum sulfate or ferric sulfate under different
pH conditions, although ancillary studies of

D. RAY 849
prechiorination, acration and filiration were
also conducted. Ferrnic sullate was found w be
superior to aluminumn sulfate as a coagulating
agent. However, higher concentrations of ferric
sulfate were required, resuliing in greater sludee
volumes. Prolonged acration prior 1o floccula-
uon reduced the coavulant dasages by about 50
per ccnt for the same clarificatinn, but the
frothing and foaming associated with the aera-
tion process was considered undesirabie. Pre-
chlorination and filtration appeared to be of
marginal benefit.

Thie influence of residence time on the effluent
concentration of Sr®? and Y in chemically
coagulated wastes is shown in Fig. 2. One of the
most intcresting observations was the passage of
appreciable concentrations of Y*® through 8 [t
of cation exchange column, preceding both cal-
cium and strontium. Since vttrium is trivalent
it was evident that the yttrium present in the

i0* T T T T j
L
o /
\olo’ ‘.‘———— [ ) [ ] i
S STRONTIUM
1
[» 4
(o]
p—
(&)
=
=
2 10t .
fu—y
(-4
=
=
[ -4
P
=
o
e — ‘
S 10'F YTTRIUM -
| L | i
0 2 3 3 ) 0

EFFECTIVE RESIDENCE TIME - MIN.

Fia. 2. Decontamination by ion exchange of simulated
waste foliowing chemical treatment (constant column
length using variabie flow rate:.

AI-DOE-13504
144

FORM 719-P REV. 2-80



150 THE REMOVAL OF STRONTIUM-90 FROMNM ORGANIC WASTE

sitnulated waste was cither nonionic or com-
plexed in a form having a low aflinity for the
cation resin. Fortunately, Y'Y has only a 63-hr
half-life and can be removed from the plant
cMuent by simple rctention.

The pH of the treated waste flowing nto the
ion exchange column was also found to be of
importance. A greater DF was obtained by
lowering the pH of the applied liquid 10 less
than 3.3, Tlis apparently minimizes the for-
mation of complexes of strontium and viurium
and thereby increases the probability of their
exchange by the resin.

Although strontium is sorbed by ion exchange
resins in prefercnce to calcium, the latter serves
to reduce the unit capacity of an exchanger for
strontium and it was thercfore recommendcd that
demineralized water be utilized for the washing
of the dog cages.

The laboratory investigations indicated that
ion exchange columns would provide Sr*¢ de-
contamination factors up to 10%. However, in
order 10 achicve this level of decontamination
rcliably, it would be nccessary 1o minimize
Jeakage by cniploying long columus, on the
order of 8 {1, and to insure that the acidified
influent wastes were free of suspended matter.

WASTE TREATMENT PLANT
AND OPERATION

On the basis of the above laboratory investi-
gatons, a facility for wastc trcatment was de-
signed and constructed. An existing compart-
mentcd concrete structure and tile leaching field
were available for use and were therefore incor-
porated into the design. A diagram of the
resulting trecatment facility is shown in Fig. 3.

The wastes originate in the animal feed
building where the beagles receiving the Sr%°
cnriched food arc housed. The cages are washed
down with demineralized water several times a
day and the wastes flow by gravity to a sump in
the waste treatment building. From the sump,
regulated volumes of waste are pumped into a
5000-zal Imhoff settling tank. The sctieabie
solids are removed in this tank, the solids passing
through a slot in the bottom of the flow-through
compartment into an anacrobic digestion cham-
her. Retaining baflles at the liquid surface of the
wank are desizned 10 prevent floating matcrial
from passing farther through the svsiem.

e, v &R
Hjcxm\uﬂ
.90
‘ :?_/f' '-}‘

RESIN COLUMNS

v:
s BE DA
‘sump TANK-1
L teHEMICAL TREATie-T
-~o

AND AEAATION)

TANK=2 1 -3
CHEMICAL TREATMENT
AND 2ERATION) | @

' "EIﬂ

&— TANK-3 oy
{CHEMICAL TREATMENT
OR STORAGE)

{STORAGE

IMMOFF

TANK-4
(STORAGE)

TANK=-6
(STORAGE)

wEIR

IMHOFF SUPERNATANT
{STORAGE AND SETTLING

LEACMING — *—
FIELD D | PUMPS

-~

Fic. 3. Radioactive wastc treatment plant (schematic
representation).

One of the problems associated with this
aspect of the waste treatment is the matter of
dog hair floating on the surface. Pcriodic skim-
ming of the surface of the tank has been necessary
to remove the hair. An overflow weir separates
the Imhofl scttling tank from the first of two
5000-gal collecion tanks, where additional
settling takes place. The sccond tank originally
served only as a colicction and storage tank, but
is currently being used for acration prior to
pumping to the chemical treatment tanks.

A system of pumps, manifold valves and
gauges permit a high degree of flexibility in the
subscquent trecatment of the wastes foliowing
sedimentation. Further trecatment of the setted
wastes is conducted on a batch basis, each batch
consisting of approximately 5000 gal. At various
times scttied waste is punped into cither Tank
! or 2 (Fig. 3, unul batch volume is reaclicd.

AI-DOE-13504

145

FORM 719-P REV. 2-80



NLOGOLDAMAN. RO PO ANDERSON. Lo EDGLERLLEY. JR. ana A 1.

It order 1o iurther clarifv the wastes, acration
nun precede chemical flocculation. H acrauon
has aflected a degree of clarification and decon-
tmination, the supernatant is transferred to a
subsequent tank for more cflicient chemical
trcatment. Samples of the batch are then taken
and optimum dosages ol chemical coagulant and
acid determined in the laboratory by conven-
tonal jar tests, Alum and ferric sulfate have
both been tried as coagulants, with ferric sulfate
currently being used. The pH adjustment has
been made with concentrated hvdrochloric acid.
Compressed air distributed through submerged
diffuser pipes in the tanks is used to mix the
wastes and chemicals to enhance flocculation.
A minimum of 24 hr is usually necessary for
«ettling of the floc before pumping the super-
natant liquid to the next phase of trcatment.
The siudge from the flocculation step is removed
periodically aud added to the influent wasie for
disuibution in the sludge compartment of the
Inhoff tank.

Following chemical treatment the liquid can
Iie chlorinated, if necessary (pH above 4), and
then pumped through a pressure filter of sand
and activated carbon, followed by a cotton plug
filier capable of removing particles as small as
5 1 and then through 5 13 of ion exchange resin.

"The resin bed is subdivided into a scrics of
five columns, cach 9 in. in diameter and 3 ft in
length. The metal canisters are charged with
1 f1* of Dowex 30 x 8, 20-50 mesh cation resin
in sodium form. Nylon sacks are used to con-
tain the resin in order to permit casy removal of
exhausted, contaminated resin with a minimum
of handling. These are ultimately disposed of by
offsite burial. Application rates to the resin
columns have been on the order of | gal per
min/ft* of resin-

Effluents from the resin bed pass into storage
tanks for radioassay and radioyttrium decay
prior to discharge into the underground leaching
ficld. If necessary, the contents of any of the
storage tanks can be reprocessed. Suitable
sampling valves are strategically located through-
out the system to permit the contents of any tank
to be sampled, as well as the effluents from the
filgers. or any of the resin segments.

RESULTS AND DISCUSSION

The actual chronological sequence of cvents

RAY “nl
was such that the lowest level of Sr?° feeding
wits initiated first, and with the progressive
development of the program. higher levels of
strontium were added as well as larger numisers
of dogs in all levels, until the present capacity of
the available dog facility had been reached.

During 18 months of wastc processing.
twenty-scven batches of radioactive waste were
treated, amounting 1o over 116,000 gal of liquid
and in excess of 14.5 me of Sr?%  Batch treat-
ment data arc summarized in Table 3. The
apparent increase in pH with succeeding batches
is due 1o the preclarification acration in baich 18
and 21-27. It has been noted that preacration
is accompanied by the reicase of ammonia, and
a decrease in the buflering capacitv of the
wastes.

Prior to ion cxchange, the lengthy Sr% sepa-
ration procedures are not routinely performed
in  measuring radioactivity concentrations.
Therefore, it will be noted that the decontami-
nation evaluations compare the final Sr¥? con-
centrations to net 8 activity. The high Sr¥¢
levels handled initally do not warrant exhaus-
tive analysis for radinactivity as the Sr*® and net
{3 values are esscntially the same. Table 4 shows
typical comparisons of Sr* and net f values for
wastes just prior to ion exchange. TFollowing
resin treatment such reasoning is no longer valid
as thc small amounts of K%, etc. introduce a
large error in a relatively small number. All
samples of ion cxchanged wastes thercfore
require the rigorous Sr®° separation procedure.

The first twelve batches of waste were co-
agulated with thec use of alum but it became
increasingly difficult to achieve adequate clari-
fication and a change was made to ferric sulfate.
Continued use has been made of ferric suifate
with satisfactory results. The reasons for the
inability to achieve adequate clarification with
alum are unknown, although a decrease in the
temperature of the waste because of winter
weather and change in waste characteristics as
more dogs were added to the feeding program
were both probably contributing factors. Ferric
sulfate was not used initially because laboratory
tests had shown that alum would give adequate
results with the production of smalier quantities
of sludge. It had been determined experimen-
tally that optimum removal of Sr®° by the cation
cxchange resins would be achieved when the
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852 THE REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTE
Tuble 5. Batch ircatment data
Radioactvity (peymi;
pH
Batch —————————— - Before Volume
number Before Influent chemical Iischarged to ml,
chemical 10 resin treatment leaching field
treatment columns inct ff (Sri0y
1 7.0 3.1 3 .0 101 0.38 . 107 0.326 . 107
2 0.5 3.7 8 0.17 1310
§ 7.1 1.0 14 013 {491
+ 7.1 +.0 20 (YN 11 1,703
3 u.4 4.0 27 0.21 1.836
v 6.9 3.0 77 0.08 L9004
7 — 5.0 200 0.73 1.798
8 7.2 5.0 170 0.30 1.643
9 7.5 3.5 165 2.43 1.688
10 6.8 3.5 235 0.5] 1.3¢6
I 7.2 4.5 230 0.61 1.306
12 7.8 4.0 260 0.09 1.662
13 ‘—-—?—6-\ 3.5 230 0.04 1.313
14 7.1 ~30_ 255 0.48 1601
13 7.4 3.0 330 1.84 1.351
16 7.3 3.0 480 0.06 1.832
17 7.7 3.0 440 0.08 1.366
18 8.0 2.5 400 0.01 1.964
19 7.0 3.0 450 0.08 1.813
20 7.8 3.5 510 0.01 1.514
21 8.3 3.8 548 0.41 1.817
22 8.7 3.0 G50 0.06 1.855
23 8.6 2.9 750 0.18 1.855
24 7.8 3.0 620 0.42 1.877
25 8.6 2.7 500 0.11 1.821]
26 8.3 2.9 570 0.10 leys 3
27 8.6 2.8 400 0.12 1990 7 te

Note: Batches 1-12 were coaguiated with 200-450 mg/! alum, nos. 13 and 14 required both alum and ferric
sulfate, while batches 15-27 were coaguiated with 125-250 mg/! ferric sulfate.

Table 4. Comparison of Sr? content to net B acticity in
settled wastes before chemical treatment

pH of the waste was below 4. Since the settied
waste was essentially neutral, concentrated
hydrochloric acid was added in order to carry
out the coagulation in an acid state.

Batch ppuc Net The DF following ion exchange treatment
number juuc Sr¥/ml. f/ml. Sr%/Net # appears to be direcuy influenced by the clarity
of the Liquid and its rate of application. To date,

5 2.85 + 0.02 2.98 0.96 those batches which have proved difficult to

3 14.37 % 0.15 15.1 0.95 flocculate, and have given efluents which might

12 17.80 = 0.17 17.2 1.03 be termed cloudy, have been the ones which

= ) : have given the lower DF’s through the resin

20 3731 2022 348 1.07 columns.

26 39.81 £023 42.2 0.94 Chlorination of the clarified waste prior to
Tesin treatment in order 10 minimize bacterial
growth and subsequent fouling or blinding of
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Fic. 4. Decontamination of Sr¥® achieved by waste treatment.

the resin was attempted with several batches.
Howcver, upon chlorination a fine floc was
formed which carried onto the resin, and the
resulting resin DF was lower than expected.
Bacterial growth 18 no longer a problem at the
pH values now being employed.

Fluctuations in efluent Sr® concentration
mav be attributed to many factors, including
expericnce gained in operation of the plant.
The data presented in Fig. 4 show the general
upward trend in Deccontamination Factor

(DF)* which has been achieved with succeeding
batches; from a DF of 13 with batch | 10 a
DF of 5 X 104 for batch 20. Factors influencing
the DF are aeration efficiency, the degree of
success of the flocculation stage, rate of applica-
tion of the clarified waste to the resin columns,
and leakage problems from faulty valves.

® In this case, Decontamination Factor
Co/C, = total d/m/ml in settied waste
> 7 Sr¥-Y% d/m/mi in final cflluent.
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For batches 1-12 the first 3 {i® ol resin were
removed following treatment of cach batch,
their volume replaced with fresh resin, and the
ncw canisters placed in the rear posttions of the
flow pattern. Insubsequent baiches the number
of canisters recharged was dictated by the resuits
obtained on the previous batch and also by the
desire to experiment with the svstem under
varying conditions.

Because of the rapidly changing character-
istics of the incoming waste stream, particularly
with respect to Sr®® concentration, along with
the long detention time of up to 3 months pro-
vided in the primary sedimentation zone, it has
not been possible to evaluate carefully the DF
obtained by simple primary sedimentation.
Best estimates are that the radioactivity is
decreased bv 10-50 per cent in its passage
through the first three tanks. Chemical coagu-
lation reduces the remaining activity by 25-30
per cent. The pressure filter of activated carbon
and sand, along with the cotton plug filter pre-
ceding the resin columns, effects an additional
small degree of decontamination.

The residual sludge from each baiwch clari-
fication is transferred to the primary sctiling
(Imhoff) tank. Digestion occurring in this
chamber maintains the sediment at a relatively
thin and constimt laver. It is estimated to
oceupy a volume cqual toabout 100 galalthough
over 100,000 gal of waste have been processed
over the past 2 vears. This radioactive sediment
will ultimately be concentrated, solidified, and
if necessary, disposcd of offsite.

The goals set for the concentration of Sr?° in
the cfluent from the treatment plant were the
guides set by AEC regulation Tide 10 Part 20
which permit concentrations of Sr* in the
water of an off-site population to be 10-7 uc
Sr9%/m] on a yearly average. These limits were
cxcecded in six batches, and five of these batches
were reprocessed to reduce their activity level.
The net result was that the concentration of
1.0 x 10~7 uc Sr®/ml was exceeded in two of
the nwenty-seven batches discharged into the
leaching field, and the average concentration of
all twenty-seven batches was 3.5 x 10-% uc
Sr?/ml. The reladvely high activity levels in
the discharged wastes constituting batches 9 and
15 (Table 3) were due to faulty valves which
permitted raw waste contamination of otherwise

THE REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTE

ciheiently weated batches. A total of 15.5 uc of
Sr¥ was thus deposited in the leaching ficid.
The nature of the soil surrounding the leaching
ficld is such that its high clay content (20 per
cent montmorillonite clay) would cxert ion ex-
change propertics and greatly restrict the move-
ment of the Sr?? through the ground.

A study of the removal of radivactivity by the
jon exchangers was undertaken for batch 16. A
total of 4840 cal of chemically clarified waste
was trcated by ion exchange and radiochemical
analvses performed on the effluents from the
resin with respect to time. Samples of the resin
cffluents progressively incrcased in total activity,
having 0.2 < 10~7 yc/ml after 900 gal had been
weated, 0.3 » 1077 jc/ml after 1700 cal and
0.8 > 1077 uc/ml following treatment of 3650
gal. The avcrage tolal beta activity in the
holding tank aiter the entire batch had been
processed was 0.4 x 10~ ue/mi. Of this 10tal
beta activity only 0.06 > 10-7 uc/ml was Sr¥0.
The other heta activity present wis due 1o
natural background as well as the shorter half-
lived daughter isotope Y20 which passes the
cxchange resins in greater amounts than does
the strontium. This bad been predicted in the
initial laboratory investigations and was one
reason {or providing storage tanks for the resin
cfllients prior 10 discharge in orcder 10 permit
the waste to reach sccular equilibrivn,

The first three ion exchange cartridyucs used to
treat baich 16 were rcmoved and counted indi-
vidually in a whole-body counter®’ and their
Bremsstrahlung emission compared with a stand-
ard containing radioactive strontium. While
this evaluation is not considered entirclv quan-
titative, it has been found to be within 10 per
cent of the estimate of the total beta radio-
activity contained in the influent to the resin
columns. Approximately 70 per cent of the
radioactivity was contained in the first fi? of
resin, the second segment contained an addi-
tional 20-23 per cent while the third resin
segment retained approximatcly 3 per cent.

SUMMARY

The need for continuous treatment of organic
wastes from a large colony of dogs on a diet
containing various amounts of Sr®® required the
design and construction of a moderate sized
waste trcatment plant. The contaminated
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wastes contain in excess of 3 > 107% uc Sr®®/mi
and arc produced at approximatety 200-500
cal/day. . Decontamination depends upon cfli-
aent utilization of the principles of primary
scdimentation, aeration, chemical clarification
and filtration prior to passage of the waste
tirough 3 {13 of cation cxchange resin. The ion
exchiange phase of the treatment process is
opcrated as a non-regenerative svstcm.

Avecrage discharges of final effluents to an
underground lcaching ficld have not exceeded
the current permissable concentration in drink-
ing water for Sr®°, Deccontamination Factors up
t0 3 < 10* have been obtained in the treatinent
of over 116,000 gal of waste. Cost of trcatment
i currently estimated at less than 15 cents/gal,
including material, labor and plant amorti-
zation,

Additional invesugative work is being con-
ducted to determine the influence of various
factors on the ion exchange decontamination
process. Included in these are the effect and
fatc of the organic matter in the waste in ion
cxchange treatment and, through use of direct
counting of the ion exchange resin columns in a

E. EDGERLEY, JR. and A. D. RAY
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whole-body counrcr, factors influencing sorption
and ultimaic desorption of the radionuclides in
a particular exciiunge column.
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ENWRONMENTAL MONITORING & SERVICES, INC.*
Formaeny Environmental Monitonng & Services Center
of Rockwaeil intemational Corporation

2421 West Hillcrest Orive
Newoury Park, California 91320
(808) 498.6771

11l October 1984

Mr. Jerry Carroll
Atomics Intarnational
071-NBO2

Canoga Park, CA

Dear Jerry:

Four aoil samples wers sent by Rockwell-ESG to our laboratory for
tasting. PEach asmple vas tested according to EPA organic analysis
protocol for volatcils organics (EPA Mathod 624), asmivolatila orgauics
(EPA Mathod 625), pesticidas (EPA Method 608), and mscals (California
CAM mathod).

The analytical data for volatils, semivolarile and mstals are summarized
in.Tables I, II and IXI. The BSL compounds seen sbove tha method blank
lavel wers mathylens chlorida (Tabla I) and bis(2-ethyl hexyl) phthalace
(Tabla II) in Sample Nos.. 140 and 143. Nopa of the HSL compounds weras
sesn above tha mathod detaction limits in the Sample Eoe. 117 and 139.

Tha pesticides ware found to be balow datsction limits. Tabla IV gives
the detsction limits for tha volatils, ssmivolatile and pesticide compounds
of the Hazardous Substancs List (HSL) and Tables V, VI and VII give tha
sarrogataxucowary for the volatile, ssmtivolatila snd pasticids compounds.
Raconstructad total ion chromatograms for the volatiles are prasented in
Yigures 1-5, and samivolatiles in Pigurss 6~10. Tha gas chromatograms
for the pesticida analyeis ars shown in Pigures il through 15.
If you have any quastions, plaasa don't hesitate to call ms.
Sinceraly,

1.:..0«
Geozrge Colovos, D.
Manager, Technical Oparatiomns

/uld

Eaclosuras

*A wholly cwned subsidiary of COMBUSTION ENGINEERING, INC.
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TABLE I

VOA Compounds in the Soil Samples

Compound c cracion, ug/kg (wet weight)
#1327 £139 #140 #143
mathylene chloride — _— 12 10
TABLE II
Compound . Coucentration, ug/kg (vet weight)
#$137 #1139 $#140 #143
bis(2-etbyl haxyl) phthalats  — —_ 3300 2800
AI1-DOE-13504
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TABLE III

wg/kg in ver sample

#137 #139 #140 #143 ST1L.C
Sb <0.2 <0.2 <0.2 <0.2 157
As 5.3 4.6 7.4 7.6 53
Ba 170 230 180 210 1050
Be <2 <2 <2 <2 7.8
cd <2 <2 <2 <2 10.5
Cr (V1) 53
Cr 51 53 27 53 5880
Co 16 24 a3 15 840
Cu 41 a5 20 40 263
F 23.46 iL.3 3o.2 72.6 1890
Pb <13 <13 <13 <13 53
Hg <0.5 <0.5 <q.5 <0.5 - 2.1
Mo <500 <500 <500 <500 3675
Ni <100, 102 <100 115 210
Se <l <l <1 <l 10.5
Ag <2 <2 <2 <2 52.5
T1 <50 <50 <30 <50 73.5
v <200 <200 <200 <200 .252
Za 80.2 74.1 45.7 69.4 2625

1 wacter 15.92 14,52 5.92 11.1x-
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Haszsardous Substancs List (HSL)* and
Contract Ragquirsd Detactcion Lizmits (CROL)*™

Detaction Limits
low Wacar<s iLovw Soil/Sedimentc

Yolacilas CAS Xumber ug/L uw
1. Chloromethans Ti=87=3 ’ 10 10
. Bromomathans T4=83=9 10 - 10
3. Viayl Chloride 75=0l=d 10 <10
4. Qiloroethans 75=00=3 10 10
5. Machylems Chloride 715=0%=1 3 b}
6. Acatona 67 =6d=] 10 10
7. Carbon Disulfide 73=15=0 .5 S
8. 1,l-Dichlorocethens 75=3%=4 5 )
9. 1,1-Dichioroethans 75=3%-3 b] ]
10. crans=i,2-Dichlorvechans 156=60~=5 S ]
11. Chlorofors §7=64=3 b] b]
12. 1,2-Dichloroachans 107=06=2 S b]
13. I-Bucanons 78-93=-3 10 10
14, 1,1,1l-Trichloroachans T1=55=4 S ]
15. Carbdon Tatrachloride 56=13-5 - ] S
16. Vinyl Acetacs 108=0%-—4 10 10
17. Bromodichlorumsthans 75=17=4 b b1
18. 1,1,2,2-Tatrachiornoechana 79=34=58 b] ]
19. 1,2-0ichloropropans 78=87=5 S ]
20. craas—~i,)~Dichlorvpropene 10061-02-4 b] ]
1. Trichlorzvathene 79=01=$ b} S
22. Dibrumcchloromachzne 124=bget b S
23. 1,1,2-Trichloroechans 79=0Q=3 b] S
4. Benzsus T1=43=-2 b S
2S. cis=i,)-Dichloropropens 10061-=01-$ S b
(concinuad)
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TABLE IV (Continued)

Detection Linics
Low Water+ Low 50i./Sediments

Volatiles CAS Number ug/L ug/ Kg
26. 2=Chlorocechyl Vinyl Ecthar 110-75-8 10 10
27. Mromeoforn 78=-25-2 5 S
8. 2-Hexancns 591=78-6 10 1o
19. é=tMpghyl-2~-pentanons 108=-10~-1 10 10
30. Tetrachlorcethans 127=-18=4 ] ]
31. Toluane 108-88-3 ] ]
32. Qilorobanzana 108~90-7 ] ]
33. Zzhyl lenssna 100=bl -4 S b
34. Styrene 100=62-3 b S
3S. Total Iylanes S S

Svadiam WHatsr Contract Requirsd Detactiom Limits (CXDL) for Volazile HSL
Compounds are 100 times ths individual low Sacar CXDL.

bMeditm S0il/Sediment Concract Required Detaction Limits (CEDL) for Volactile
2SL Compounds ars 100 timas chm individual Low Soil/Sediment CXUL.

3/84

AI-DOE-13504
158

FORM 719-P REV. 2-80



TABLE IV (Continued)

Lov Waces”

Detaction Limits
Lov Soil/Sedimsnc=

FORM 718.P REV. 2-80

Semi~Volatiles CAS Number ug/L ug/Kg
36. R—-Nitrosodimachylamine 62-73-3 10 330
37. Phesal 108=-95=2 10 330

i 38. Anilins 62~53=3 10 330

39. bis(2-Chloraechyl) ecthar lll=dé=d 10 330
40. 2-Chloropbanal 95=-57~8 10 330
4l. 1,3=Dichlorobenzans S4l=73=~1 10 330
42. 1,4=Dichlorobenzana 106=46=7 10 330
43. Banszyl Alcohol 100=51-6 10 330
db4. 1,2-Dichlorobanzane 95=50~1 10 330
LS. 2-Mathylphanol §5=i8~7 10 330
46. bis(2=-Chloraoiscopropyl)

sthar 39638~-32-% 10 330
A7. b=Maghylphenol 106=44=5 10 330
A3. B=NizToso=Dipropylamins 6§21 =bb=7 10 330
49. Bexzchlorvechana §7=72~1 10 330
30. Nitrobenzsna 98~95-3 10 330
51. lsophorous 78-3%=1 10 130
32. 2-#itrophenal 88=75=3 10 3130
33. 1,4=Dimachylphenal 10S=47=9 10 330
S4. Banzsic Acid 65-85=0 10 1600
$5. bis(2-Chlaroechoxy)

esthans 111=91=} 10 130
5¢ 2,A=Dichlarophenal 120~43-2 10 130
$7. 1,2,A=Trichlorobenzens 120=42-1 10 -330
38. Xapkthalans 91-20=3 10 330
%$9. é=Calaorvaniline 106=47~8 10 330
60. Heaxachlorobutadiana ‘8T=68=3 10 330
6l. 4=Chloro—=3i-aschylphesol
’ (para—chloro—saca=ccsssol)  39=30-7 10 33a
§2. 2-Hathyloaphthalens 91576 10 330
§3). Haxachlorocyclopentadisns TT=b7=4 10 330
84. 2,4,6-Trichlorophanal 48=06=1 10 330
65. 2,4,5-Trichlorophanal 95954 50 1600

{(coucinued)
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TABLE IV (Comtinued)

Datecgion Limics

Lov Wacter® Lowv Soil/Sedizenc*
Pasticidas CAS Number ug/L ug/ Kg*
104. alpha=-BHC 319=84~6 0.03 2.0
105. veca=-BHC 319=83%-7 0.05 1.0
106. delta=-BHC 319-86=-8 0.05 2.0
107. gamma=BHC (Lindane) 58=-89=9 0.08 2.0
108. Heptachloer To~dd=8 0.05 2.0
109. Aldrin 309=00-2 0.05 2.0
110. Heptachlor Epoxide 1026=57~3 0.03 2.0
l1l. Eadosulfaa I 959=98~8 0.0% z.0
112. Dialdrin 60=57-1 0.10 4.0
113. 4,4'-DDE 72-35-9 0.10 4.0
114. Eadrin 72-20-8 Q.10 4.0
115. Endosulfan II 132L)-65-~9 0.10 4.0
116. 4,4'-DDD 72-54=8 0.10 4.0
117. Zadrio Aldahyde 7421-93=4 010 4.0
118. Zadosulfan Sulfaca 1031-07=-8 0.10 4.0
119. 4,4'=DDT 50=29-3 0.10 4.0
120. EZndrin Katoue 53494=70=3 0.10 4.0
121. Mathoxyehlor 72=43~3% 0.5 20.0
122. Chlordans S7=74=d 0.5 20.0
123. Toxaphene 8001=-35-2 1.0 40.0
124. ARDCLOR-1016 12674~11-2 0.3 20.0
123. AROCLOR-1221 11104=28=-2 0.5 20.0
126. AROCLOR~-1232 11141-16=5 0.8 20.0
127. AROCLOR=-1242 53469=21-9 0.5 20.0
128. AROCLOR-1243 12672-29=6 9.5 20.0
129. AROCLOR-1234 11097-69=1 1.0 40.0
1J0. AROCLOR-1260 11096-82-5 1.0 40.0

®iadiun Wactar Contract Requirad Deteccion Limtes (CRDL) for Pescicida HSL
Compounds ars 100 times the individual Low VUacar CRDL.

fugdium Soil/Sedimsnt Contract Reguirsd Detacciou Limics (CRDL) for Pesticide
BSL compounds ara 60 timee cha L{ndividual low So{l/Sedimsnt CIDL.

* Uharaver the tarm ~priority pollucanc(s)” Ls used {z this contract and iz
any tefersuces citad in this concraee, it i3 intended to msan “Hazardous
Subscances List (HSL) Compound(s),” vhich ifncluda all compounds lisced
ia this Exhidic.

** Specific datsction limics ars highly macrix depemdeant. The decection
lizics liscad harein acrs provided for guidancs and may 8ot alwvays bde
achieveals.
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TABLE IV (Continued)

Detaction Limits

Lov Vacar~ Lovw Soil/Sediments

Semi-Tolatilas ' CAS Wumber ~—/L__ e/ ks
101. ladeno(l,2,3=cd)pyrsns 193=39=5 10 330
102. Dibenz(a,k)anchracane $3=70=3 10 330
103. Benszo(g,hk,i)parylane 191-24=2 10 330

SMedium Jater Comncract Raquired Detaction Limits (CRDL) for s-.:.-uu'zu.
HSL Compounds are 100 cimas the individual Low Sataer CROL.

dMedium So0il/Sedimsnt Comcract Requirad Degectiosm Limits (CADL) for Semt-
Volatils ESL Compounds ars 60 cimes the individual Low $Soil/Sedimsnt CIDL.
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TABLE Vv

VOA Percent.Surfogate Recovery

Surrogaca Compounds Perceant Recovery
(Approved recovery range) #137 #139 #140 #143 Mathod Blank
SURR~-1 (I.Z-dichloto.tlnm—d‘) 95 91 96 93 98
STRR-2 (benzens d0) 115 118 126 128 118
SURR-3 (toluene ds) 129 93 96 98 104
SURR-4 (p-bromofluorobenzens) 132 91 95 92 108
AI-DOE-13504
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TABLE VI

BNA Percent Surrogate Recovery

Surrogata Compounds

Percent Recovery

(Approved recovery rangs) #137 #139 #140 #143 Mathod Blank
SURR~-1 (2-fluorophanol) 114 89 56 63 56
SURR-1 (ph‘nol—ds) 77 69 40 50 4l
SURR-3 (n.t:tobc.nxun—ds 77 56 48 58 51
SURR—4 (2-fluorobiphenyl) 68 61 57 66 58
SURR-S5 (2,4,6-tribromophenol) 93 96 32 44 30
SURR-6 (:crphnnyl—d“) 72 77 32 33 30
AI-DOE-13504
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TABLE VII

Pesticide Surrogate Recovery

Surrogate Compounds Percent Recovery
(Approved racovery rangs) #137 #1139 #140 #143 Machod Blank
Dibutyl chlorendats 87 83 93 84 90
AI-DOE-13504
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TABLE VII

Pesticide Surrogate Racovery

Surrogate Coumpounds Percent Recovery
(Approved rescovery rangs) #137 #139 #1460 #1143 Mathod Blank
Dibutyl chlorendats 87 83 93 84 90
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Figure 12
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Figure 13
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Figura 15
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APPENDIX B.2

LIST OF EPA PRIORITY POLLUTANTS
(REPRINT SUPPLIED BY EMSC)
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ESXT
SPECLAL REECRI

Priority poliztants
I-a perspective view

What are they? Toxic chemicals. How many are there? [29.
Complying with a 1976 courr settiement, the U.S.
Engironment Protection Agency is spending about $60
million 10 obtain the necessary data for forthcoming
regulations thas are the beginning of a better way 10 monitor
industrial wastewater discharges. Next month’s authors
present a cost-effective method 1o analyze for these pollutants

achievement at the exriiest possibie

i et
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(Naturai Resources Deferms Council. MisoBiansous Chanvcas
Inc.: Environmenial Defense Fund. - Adhasives [ led
Inc.: Businsssmen for the Public in- Gum et woos Chermiciis i vao
= terest. inc: Natiomal Awdubon Soci- Pesuciies : 10730
oy ety, Inc.: and Citizens for 3 Bener Prarwaceuscels 7/
- Environment) has commonly Exploarves rurnsacRs vy 7%
4 knawn a3 the “EPA Consens Decres.” Magnary an MEChanicn Srofuc MEMERoRITY
: . AhsTeum rwere) 10/80
' Th-mmmmummn Basury rursacaswy 10780
-} EPA for {aling to impiement portons Coil cosung e
;:i of the Federal Waier Polivuon Costrol Conper tormng : 11780
- Act (P.L. 92-500). Oos resuit of this Poupealing s/80
; suit requored EPA (0 publish a list of Pastics orooassing 81
1 toxic poliutants for whick technol- Procsia erarmet /80
3 effluent Kmitations and Mechassoni Sroducts yn
. guidelines wouid be-required (ES4& T SeCICal Al ISCITOMG CTITYIONONIS 10/90 .
- Febmry 1978, p 1 54). [ Pom————, 10/80
- The Coment Decres diczates that. Ore frereng ar aresssng 7/%0
3 . the tEPA) Admimstrator shall Cons rmerng [ 77 .}
d.evdop and promuigats reguiations  The Cavem Comres
3 which shall otablish and regquire .m_--_ - -’1 o "o U3, O Cone.
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ume. cat (n NQ Q> later than June 30.
1983, of effluent umitauons and
‘zaideiines for classes and categones of
point sources which shall reqguire 2p-
plication of the best avarlable tech-
nology (BAT) economicaily achiev-
1bie for such categoryorcrass . ..~ The

weent Decree also requires aew
.wurce performance standards and
pretreatment standards for 21 ndus-
trial categonies ( Tabie ). In addivon,
EPA has decided to rewew pubiic
owned treaument works (POTWs) as
2 separais Category.

The onginai Consent Decres con-
tained a sunct scheduling of coatracts
10 be 1ssued and dates for the requured
reguiauions 1o be promuigated (Table
1). The schedule ongpinaily gave con-
tractors only |S moaths 10 compiets
their anaiyses and evsiuauons. New
‘dates, whach will give EPA more ume,
ire awaiung approval by iths US.
Distnet Court.

Another component of the Consent
Decres was a list of 65 compounds and
¢lasses of cornpounds (Tabie 2). A set

TARE 2.
The toxic poliutant iist

P
i
»

Vi (ECNRLIORY *0udeud (CYUIALIUAY JfE 1O
be estaplisned lar the controt of the
“65 polivtants ™ in ail 2! poiat-source
industnai categones, This list even-
tually formea the Toxic Pollutant Lust
inciuded i1n P.L_ 92-500 under Part 107
(a) which concerns toxic matenal.

Eavironmenwtal and anaiyticai
chemistry piay ugruficant roies in 0b-
taining data wpoa which thess regu-
lauons are oeing based. but Lthere wers
some detasis that weres omatted:

o Minimam detecton isveis were
not specified.

e The list of 65 compounds and -

classms of compounds couid inciuds
thousands of pollutants o all com-
pounds 1n each of the ciasses and all
Organometailic Compounads wers con-
sidered.

38
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* DLANULrY Methud lur collecting
and preserving the organic sampies
were unavaanie,

« Standarg methods for analynng
OFgANICS 10 COMPIEX WASIEWALErS wWere
unavailadle.

Nevertheiexs, contracts were et as
mandated. sampies were taken and
anaiyses were begun. Concyrrent with
thess acuviues, EPA chenusts wers
Uying 1O resolve some of the analytcal
prodlems caused by the Toxic Pollu-
wane List. Al an informai mesung
Kansas City in tate October 1976, we
proposed that the initial {Screemng
Phase) anaiyses {or the organic poilu-
Lams bs conducied by gas chroma-
lography-mass spectrometry (GC-
MS). GC-MS was the oniy avasiable
technmqus hat couid wienufy a wide
vansty of compounds in many differ-
ent MALnoms and in ths presence of
inter{ennag compounds. Previous ex-
peneacs with aaturs) and dnaking
wegler sampies had showa that many
COMPOuAGS 1 witer couid be sdentfied
and semr-quanufied at the | pary per

Vahews 1. v 4. Agrd TS 4TT

Lol L g o od

E
:
i




ble ch is on the onginai list of

billion (ppb) level uung
controilead GC-MS. Therefore. 10 ppb
was suggesied as 2 reasonabie level 10
analyze {or 1 indusiras effluents.
Anajyticai minimum detecuion ieve
eis for many posucides diraady exsted
in the Federal Register, 30 it was sug-
gested that those standard methods
and detecion isveis be used (0 ansiyze
for peaticades and polychionnated -
phenyis (PCBa). However, 2 probiem
ol exisiad with the concept of ana-
Iyning for so many cissses of orgame
compounds m the Toxic Poilutam List.
The chailenge of chemical analysis of
3 sampie for literuily thousands of
COMPpONeNts i sta ggenng —espacaily
when thess components may be at part
per billion icvels 10 3 compiex sampis
mawnx. The expenditure of resources
in government as weil a3 private tabo-
ratories wouid be overwheiming if
inaiyses were auemptad foc all posss-

X

p ds and p Classes.

In order for contraciors o be abie o
submut costs for conduciing anaiyses.
they had to at least have a finie hst of
compounds to be aaalyzed for.
There{ore. a second meeting was heid
2 [ew weeks later 1n Atianta to resolve
the Consent Decree Toxic Pollutant
List into one that was contractually
and analytucally managoudie.

In addresung the 1] meals on ths
Toxic Pollutants List the term. °. ..

include both inOrgamIc and Organo~
mewallic compounds. The standard
method for anaiyss of ol cyandes
was seiected 20d asbestas meihodalogy
was deferred untsl later, This beft a list
of 50 categones of orgamec poilutants,
Not ¢ PCBs. oraph and
chiordane, there were I8 groups of

organic poliutants. each containing 2
10 50 compounds. To rescive these
gFoups 1o a list with finite propor-
uons requirexd decisions Wiat addressed
the Conseat Decrem,

Four critena were empioyed to
proniuze and seiect specific repre-
sestauve compounds for each group.
This provided the required specificity
necasary for deveiopng analytcal
methods and for contract managemem
without exciuding other cornpounds in
those ciasses Lhat may bs of fuiure
concsrn.

-« All compounds speaifically
named in the Toxic Pollutaat List
(Tabis 2) were awomaucaily inciuded.
The avariability of chemucai standards
for verification and quanufication was
considered mandatory. Therefore.
cvery representauive compound added
had 10 be listed in 8¢ least one chemscal
supply Gcaiog.

TARE 3
EPA list of 129 Priority Polutants and the retative frequency of these msteriala
In industrial wastewaters
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= Frequency of occurrence uf the
representative COMoound In Waler was
in important consiaeration. All com-
pounds except those aamed n (he
Tozic Poliutant List were considered
il they were found with a {requency of
23% of the total knywn isungs tor
that class of compounas.

+ Chemicai production data were
used 3s a guide (or prionuzIng chowces
when they were avasiable

A draft manuseript of an EPA re-
port lisung all knawn orgaaic poilu~
Lants (other than paucides) idencfied
woridwide in water through June
1976, was used for the cnienoa of
whether 3 compound was a recognzed
water poliutant (Shackeiford and
Keath, Frequency of Qrgamic Come,
pounds [denufied in Water. EPA-
600/476-062). Ten organic chemai
cataiogs were scarched (0 determine
whether chemucal slandards were

commercially avalable.

Finally. Staniord Research insu-
tute’'s “1976 Directory of Chemicai
Producers. USA.” and Radian Car-
porauon’s “Orgame Chemicai Pro-
ducers’ Data Base Program™ were
uwsed (0 gather dawa concerning man-
utacture uf various cundidaie com-
pounds. A list of | 2] materais was fi-
nally compiied and submatied 10 the
cnvironmental planulfs :n the Consemt
Decres. At their reguest, five addi.
tional Arociars and di-a-octyi phihai-
ats were added (0 rause e woaal o 129
(counuing the Arocior mixtures,
chiordane, toxaphens, and asbestos
each a3 a Prionty Pollutaar).

Table J summanzes thus list and
ilso indicates the relauve (requency
with whsch these compouncs are being
{ound 1a industnal wasiewsters.

Oncs the Pronty Poliutants were
definad as a fiaiwe list of matenals

Czdanto C 2 croups

was poasibie (0 deveiop 2 sampiing and
anaiysis strategy:

« metals

* asbestos

« (ol cyamides

» pesucides

« compounds citracied under
2c1dic condiuons

* compounds exiracied under al-
kaline conditions

* neutril extractabie compounds

« (otai phenois

+ purgeabic compounds

Becauss of their avasiability, it was
decuded to use suaadard pesucids
methodologses (or the analyss of pex~
ucides and thewr metabolites. This
usuaily invoives extracuon. Flonml
columa cleanup of the concentrated
extract and gas chromatographic

P L X ] Pu— L X ]
- Svmm—— - SE——
— S—— L — L
L™ | 12 Acssmphatwiens a1 1 L)
42 14 ] a1 2 N -y
s 3 Iyt bueayt g atase L4 [] h-Chareimsrepyy et
11 oo a0 anie
k- 8} -} Pran 19 L}
EE ) " 2-Nvepnenst . 22 10 2-Cvavestens
2 | J 4-btivupnanst 3 12 2. &QOiavaresrans
1.8 ] 2. &Cltrepnens A8 12 2 40-Tricvrepars
.1 [ 4,6-Oroe-wessl .2 18 2, &Oimauvyignans
(¥ ] 1 Peruacriareptnses .
25 sro pemtuitnn/PCE'e
[ ] 3 a-listengten [ & 3 repmaner
ae . S-bnasmatan al 1 POpmareer epnnige
a2 2 Endenstan sulles a2 4 Cisrvane
[ X ] 4 L ] a2 2 Tonaprane
[T s S-mc as 2 Arester 1016
02 3 ~anc as 1 Areswr 1221
s 3 v-areC (%] 2 Asostr 1332
(5 ] s Alrn as 3 Arasmr 1242
al 3 Clentrin s 2 Asonur 1248
0.0 ) 48008 s 3 Aronmw 1254
ot 2 44000 as 1 Asester 1200
a2 2 4007 - - 2.3.7.5-Tesnahresturgo-
a2 3 Erurin
a2 2 Enere sderwen
13 oso s
e a0 Asastesy 1.8 =
"s L ] . 3T r
141 10 Serviun e F1l
- L 3 | Cammen 28 23
ar - Quaraen . =3 »
R &8 a2 Conper . A8 =
L. AR -4 Laag - - . . '
- ¥ ) ”» Tom eymuans
< aThe - -,
© @3V At 1978, Svaare ot ErEas vy Puw 2813 1 2900 v 10 suways Sowy 3817, et
LYY “T°F-] ou (] —u 20 W Summ a0 of 31 Avpam TR : .
-3 R N

FORM 719-P REV, 2-80

AI-DOE-13504
185

Vohone 11, Naowtur 4. Agre 1979 419



analysis, using an cieciron capture
detector. Since there were few basic
compounds. this group was comined
with the neutrai compounds. The acid
exiraciadle Prioruy Pollutams ine
ciude only phemois. The remaimng
organic compounds. with the excepton
of acsolein and acryionitnie, were
readily purgesbie from aqueous solu-
uons. The latier two wers analyzed by
direct aqueous inpecuon GC-MS.

Thers are thres phases of anaiyses
invoived with the Priority Poilutants.
The initial work is referred 10 as the
“Screening Phase.” Its objective 11 to
define which of the Priority Pollutants
are in the trested and untresated
wasiewaters of each of the industnal
categones. The second ~Verificauon
Phase” is 10 detsrmine the efTiciencies
of the vanous treatment technologres
under consderauca. The finai
“Monitonng Phase™ wiil be used for
compiiance momitonng of staie and
federal discharge permits.

STt

..
R £ Ead )

wons were chasea {or esch compound
and chromatographic methods were
devised that wouid allow wnambiguoss
dentification of each compound (with
{ew excepuoas).

Tom Beilar and Jim Lichtenberg. at
EPA’s Environmental Monitonng and
Support Laboratory in Cincinnat.
Ohig, had besn investigaung a purge
and trap method for ansiyzng very
volatiie orgame compounds in water.
and this techmgue was applied suc-
cassfully 10 29 of the Priority Pollu-
tants. The lats Ron Webb, at EPA's
Eavironmental Ressarch Laboratory
in Atheas, Georgia, had been investr
gaung liquid-liqud extracthion and
vanous concenuralios methods for
isolaung ntermediate voistiie organic
compounds {rom waler: thess tech-
maues were applied succmssiully to 57
of the Priority Pollutane. Eleven of the
extractabie composnds are phenols
extracied under acadic condilions with
methyiens chiornde. and 46 are neutral
and basic compounds extracicd under
aikaiine condiuons with the sume soi-
venL The 26 pastiades are extracied
with a methyiene chionds-hexane

iXture. usiag a separais aliq of

FORM 719-P REV. 2-80
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Pestcide :-ln-. Afier extrectiun an ol

wasigwater. The purgeabie sampis

requires 2 third aliquut of w
collecied separately.

The decision was made (O use Con-
venuonal packed columns for all
chromatographic eparations cven
though 1t was reajized that capllary
columns wouid provide supenor reso-
lution. Because mast laboratones had
had litue expenence with Gapillary
columm. and since the entificauions
and quanuficauons were (o be based
on selected characiensic ions within
2 smail retenuon ume “window.” it
was not necsssary that compists
chromatographic resolution of all or-
gamic  Prionty Pollutasis be
aciueved.

To preciude omussion of other or-
ganic compounds potenuaily inciuded
by the classes of compounds in the
Taxic Poilutants List, all GC-MS daa
are bang commitied t0 permanent
slorags on magnetc tape. Likewsa,
the organic extracis are baing sealed
and stored at subzero temperatures at
the Atbens, Georgia. Environmental
Research Laboratory. Thess extracts
and GC-MS tapss make up the most
extensive and representilive Cross
secuion of data on OrgaAMC COMpousds
in industnal wastewaters Lthat has ever
been compied. Thess wiil be sxamuned
further for additiomsi compound
idenufications over the nex: ssveral

years.

Water sampies for the pwrpeedie
compounds are collected 1n 40-mi
glass viais with Teflon-lined sepea. The
vials are compieiely filled 50 no bub-
bies are present. Usaally 5 mi of this
sampie. sprked with bromochioro-
methane and |.J-dichiorobulans as
internal standards. is used {or the
analvsis. After being tramsterved 10 2
plass spurging tube with a fnted-glass
bottom. the sampie 15 purged with he-
lium.

The voiauie organics are sinpped

AI-DOE-13504.
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13 1mp a0 @ gus grep
(rom the waier and adsorbed in a
stainiess steet trap packed with Te-

nax-GC ang silica gei. At the com-
pietson of the purging siep. the gas flow
(0 the trap s reversed and the trap s
rapediy heatsd 10 130 *C. The organcs
are thermaily desorbed (rom the trap
to the huad of a gas chromatographic
columa bheid at room temperaturs.
Whena desorpuon 13 compiets the
chromatographic colums is tempera-
ture programmed and the organc
compounds are cluted into a com-
puter-controlled mass specirometer
where they are ientified and quant»-
fied. lnitially acrolein and acrylomtrnic
were ansiyzed by direc aquecus in-
JeGLIon. but as of Seprember 1978, the
EPA has authonzsd as opuonsi
analysis usiag the purges and Uap
technique.

Problems with the Screening
Phase methods that have not
been resoived

« Severnl compounds required
about 200 ag instsad of 40 ng for
mimmum detacnon.

« Phenmanthracens and anthra-
cene are mdistingushabie

* | 2diphenyihydraning de-

Ve
2 broad low chromatographic
+ Direct aqueous injecuon of
acrolein and acryiomtriie suffers
{rom low sensitivity and the purgiag
cfficiency for thess compounds i
vanable.
in spus of thess difficulues the
Screcning Phase Protocol o sue-
cessiul [or the great mejonty ol Lhe
Prionty Pollutants,



° Uﬁnw
£ L - RIS
£ ey kvocmey
8004 08gT SNBOIT SEIHMETY
. _.;lq'p,auru: SN
LY P s
io - [ mwmm) p=
. . e, Bou|
- L TR mddoo)
. S oD
- s bt b
PN wanopts)
R et al D0JOg
W umuTg
. wnmsauyy wnunaRly
gdrilonsads vorseno)
STId R0 Afaatzdnpal
Aq pazipeme sjERdA!

01 POJIPOT $HI0Q TS U1 PITII|I0D
AT HOUIYD M0 J0) TIOWTS INT M
POYIBL  MWIPULINUBOUIWS=y Y
AQ PAIMETI AT TTY) FHUNOCLICD SI0Y1
I8 ‘AT j0 swodund M Jo) "HouIyd
0] POR NMIGING PUT SUIPLLD
Sutppt AQ PEONPOId UOLNIOS PAIOIOD
Y UL WU G/ C IT PRINSTIW 51 FOUTQIOS
QY “WONRIOS SVITEXTE US U1 POIISYIOD
0 PS> UIBIPAY PUT LINOY FRIBADS
J0) PEYNLAI & 31 PITPOT B ST )
I3V POUINY NIMULOID PIFPUTIS
) 4AQ 5t IIPITRAS fRY O BTATRUY
A Gw) 31 OT 30 ) JO LMoy
7 Uiim pEirene 3q yYmm Ly
‘consuodsutn SNt Lq paddiys
MOV SJT ENOIINT SEMNI “BJOSAIIY |
“svonwmia whaupie 1 OQ Jo mojT
UTJ PBUIIMbA uonEAIRId MY
UTES VY “PETINI0 AIT WNCUITE S UBYM
SIPIWRAY 571 20) LvrExou B Nt
JO 71 J0 MO T Iv vonvAsIEd 1|
~TRIV Weudyy pue mpwei D) W0
“SIEArsuT 01 J0uUd XSOM JUO JO) PIdY
ST PUT *AI0TRIOG T BT 1T WO vodn
PO ‘paassmardun paddiys uT

L8l

$0SEL-300~-1V

SBCuIES SE0G) MD)] "PIRUTINCOSTD UINQ
FRY TN SIYI OF LONITIUIIUD AUT
Ul s1e A POOT S Swddiys Nqipasd
svonsaia (1OQ) wentodsus |
20 WU “S[) "IMABMOH YKL
«diys 82052 PIOT NIV QUa PRAS
2l ame A)PUISLO PUT LIBUTEINGD
NI U PETISHIOD ASY SNORITS 80}
“SBUIMPUL {7 (8 J0) HY EIEP
s pue weslosd sauemese Anrenb
) YIOQ PRUTEIUTIXL PUT PAGOASD
AIrrIoqr| rPuoISa fIY] “sAaast jo
JBQUITY € J0) SW4 B L340 J0) BuTER UNRQ
PTY 11 By M IMBDAITINGS SUOISIND
VOLIT SWITHd PAMRCO-ARBANIRPUY! UE
poy Aoreioqr) jsuody ofewyD) sy
TT) FEa SEATRUT BRI JO) AJOTRIONT]
suo Suynn J0) vorTa) AsTwiad oy
ey v Liorsoqr) reuoiisy jT
U3 V43I ) AQ paziisut Sumqg at
PITYJ VONEJIIIA SU) WOJ) SISATRUT
FITIW JO JIQIINY 31IT) T PUT IFBYJ
Suuaasdg o Suunp pawsouad sk
~JCUT STEI3W 31 JO |1V RSN aq ]
VBWNY T UBY) LIOLIS IYDW
01 APyl 1331 ©1 PUS SWN JO FPouad
800} J340 SUOLDUN) BATINISAR! SROIPD)
Su10)I3d JO SUTY OU MWOP SMRBWIND
Y WOULISYUINY “WEATEUE BUTIROY

MUCISQ A]TEMUIAS e TEYa OP O) .

adoad peuren: £1gfig sen 30U Op As)
"BATIIN] ) YD FTOM SRSATBUE PEILIING
“WoD A48 AFU0 0N BIIN) JEU B V!
swaiod s3nducs s o Sursuoad
TI0W BY) JO TMBULIOLIIG 3T NINRAD
o1 PN Y43 Q] “puan Bunboo
M ATSNOIAQO SJT SPOMIRL  Paacud
«de 134 VU MYa NUTN|0g L0
g 31 JO SMATRUS SW-DD PINTDOY
Ny [dd 0] TTYI INTILS AN VONRN
~UFIVOD T IT SUOTIESHNRIP MRS
SANERIV-0ITR) p(’0 PUT SAnmDO.98TE)
%[ 10 A1 PIITRAM FI0C NITP OOS T
Uy AW (O EISAIEUE JENIENDIG
“TUNE SUITS Y BANIYST O1
SIMOY ¢ 0) { HNEY BUITTXO0LD ITATRIA
EINMBW UIYNa WY SYnuend
pUT noMN|Iod AUoLy TR0 )
10 UGS JO DU S DYNTIP!

2y (0 830080sd DY SO/ TIRR ) PORISS SuiTh S4B SWDINY IS | “Sreirewe yEUSIE)

08-C "A3d 46LL NUOI

Amsdusco SI0m3T) ssuads PUY RITP
“UTIS IMULIIUL A1 01 BANTI SN
=41 UO! WML VONUSIAS SANTTAS “SONTS
IALI00 SWYT PUT SO NIDUIBRL) JO BITEQ
St UD “PIT TITD [EIDNdS SETLS 2 S2A|
~BUT TP WeiSoud SIEMI)0S PIITIO)
<MT T TTY "PIBWTES JO) “WONTEIOLIOD)
UBIPTY AT PRTAOINT 0 maIkp
TROURA SINGOMASP IR IBLICIRIONT]
Teseans put msirsue perstese-amnd
-“DOD 01 SMAIDRUSY] PuI Welrsur
SIN*DD  PRCHUC-INREWOD)

SUINURY URJIM WeY] Seuend
puT suwInOd Aysoud

owebio eyt )o sduesqe

J0 BDUSTSIT St PBIIIED!
poophcs uresbosd

SJEMYCS PEITLOINT UY

SW<D0D) 4Aq paulnpod
30 1IN SPONN $E3Y) BUrEn PIUNLIP!
IPMMEY ‘IOTIPTIP AINIATD VOITIID
Uv PUT SUONIIPUGD [ELLIIYION JIpUN
Woa S2IPrEd RITPUTIS JO) PIFN
SUWRID N AN SOTIXS PPN
«£8d 51 JO SIEAIRUY “BWINNOD IR0} T
U0 BIIBUCIIIRS) B IDTNXS I PUT YW
01 01 PRIRNERNID BPLIDIED

. /oUTXOY MM PRIORNTY B Mdures

NNOAWId NN WOJ) JMB JO M|
Ui ¢ i sponmd Jog
“‘S1qtesod ¥ ULIOJIVR FE e IPUT

IS SWDW O 130J)% U U SOTRIO

«QT] IRNVOD PUT IEU0ISA NI O [fE 01
TIPLA0ID 31 By M 5301 sliT) paseyasnd
Wy V43 2| pue ‘shurped suduo
M wE nMEy NGduIsoINaLgd
219q apunad sBuryowd UumIod mdu
Y Wodaadng uo vq OvZ1-dS
%) AQ PIOTIAN U SRY (DD-TRU3 | )
BMQTIITNYT POV Y} JO) VWNEO DN
rewiBuo ay | “wodooadng vo g 05T
-dS %] Aq pdTIdas vIq FERY (Lod
-0343dng vO O$77-dS %|) SEnNAN
/ereg s0) Soryaed vwnod DN fRUI
-8150 21 “pITPUTIS [RUINLE Y1 Jo Bu
OF PUT J318a 243 Ul SJ0W JO UOING 220
U 0 I® WEON|0Y AUOUY MQEDED
*X3 GO JO BU Oy JO WNWILIW ¥ SIPIA
«id SW-DD T I TIDTNTI M1 JO
YT T 30 VOIIIU] _NIUTIN| 04 Aoty
MPIdY . P JO 1B SUIVITIVED DRIIXS
Y1 BONPOI PITPUTS TRWINU BWIES
241 JO VOTHPPT BUT LOIIRAILIDIVOD)
IDUOIYD DUNAYIDW YN PITILL
-XB3J PUT JIPDT AiBucais IpTw Uayl
£ 1218m JO 7 7 2WES Y] , "NWEIN|O4
Aiuouyd Tenmnay)/ereg.. 9yl |1 suIt)
~U0D Yty 1LY PATNUIILCD YW
0°1 3U) 01 PAPDT §! IUIITIUIUP-DID jO
PITDUT S [BUIBNUI UY “UWINIOD J3PUlg
-QJOIW T DUODIS DUT JOITIILIDUOD
ysIuTQ-tusapny t s Bursn ‘saftyc
Om] Ul DALNUIDUCY AT SIOBNYD
Y} IPUOIYD IUINAYIDW Ylim PIIDTY)
-¥9 pUT JuntYIe AlBuoais IpTWw asr
IWPS IMSOGWOD ATD-( B WOL) IEm
10 $3911 Om ] “EEIIRHNY Y]

~



‘ ‘. Tentative maonitoting phase methods*

Caruce wan
[ W% C___
Larec wan LN -
Sy LT
Gen wen - ICD ans P
-7 . ac'=-" 77108%
enshenge sy
- .
Sapant wak ] et Corwwms Alatl PD
[- V- ac & e 20M
enslures - Ofieren
R Resae ————
saven
Daracs wan VaaR wal e L] ]
Oty arel bams - -
cwBen e
L £ X ]
Exmast wih Wash vast wan ML, Uclrount Basrecreeams
vt eomuED [ 8 L} g
-t gt =0 Masn ool chatun rovs—y
wanh abmine prum
4 extmax
. wih oot
osum
Lubem wih L Name tor 2 L Tangure- L SA40- L
. - [~ * -9 afyephamss -ee oA
{ mz . g
- L1 -]
- - ws
. cm—_ti . - - -
- - T - . phanan .
R o oo 1 Smen e 2 bsbweent 2. 1% 2 D
- . s - ponture- e - Qw7
! . - L
|
of § shansis N .
‘ S  Smmmee 16 guoyme [T Y3 WL, [T T
caay QG ] utem C-008 Y
. ] . [ ] reverss oo GNeen
wan ammuge pruns ]
Oyeismu— & evmm—n
L
10 e 28 pann Savan weh Farek Cotem 3 [ ] 13% 9 ©D
peog [~ [ —— ac . 290/1.88%
. Mo . ;e
e
RN
11 Camee P L oy am N 1. T T I o
L] a—‘ oup wny - oo -
Tengu/uiien --;— Sonamse
- L] CES.
Lasknd Gesveves
CENERSENRY
4
L]
——————
2. Lerust wwn 2 nstwrww 2. BCD wih on-
[ g ac L}
12 Caee Amem, Orest soummn Nane Tevpamase 02XT% o
L acryte- youman pregrame Careswas
e " GC 1500
-
CFoCly
°The 114 eptmie ey Solames oo Gvains SUD 12 PEREK =D BAs will Tl S\ TUTWNS SSIED 0 aul of TUS yeur.
4 am Sun e L Y — I 1§
‘n L] Sus . vw » aun dus D

- s g m—_-;-~m_-am

AI-DOE-13504
188

FORM 718-P REV. 2-80



pH & with prospnoric 4cid und chilled.
These sampies can oe shipped by air
4nd they must be duuiled within 24
hours after receipt at the laboratory.
+Amincanupyndine s added ta the
distillate and the resulting dve 1s ex-
tracted 1nto chlurutorm und s ab-
»rbance 13 mexsured 4t 460 nm,

Asbestos. Since there are many
types of asbesws Lhe lirst prubiem wus
how (o define iIl. Asbesios was defined
finally as ~fibrous asoestos * und con-
susts of chrysoule. To sulate the libers.
water 13 (iltered through a2 Nuclepore
filter snd the retained particuiates are
carbon coated under vacuum. The or-

ic filter 13 dissoived with chioro=
orm, leaving the fibers embedded in
3 carbon {ilm. A portion of the film s
magntfied 20 000 times with 3 trans-
mission etectron micrascope. and the
1sbestos (ibers are denufied by se-
lected area clectron diffraction. A
representative area of the electron
micraacope gnd 13 counted. and the
concenuation of asbesios in mullions of
fibers per liter can be caiculated from
the sze of the water sampie.

Preteced Reviews. Pertodically
reprasentauves (rom EPA. indusiry
and the contract laboratones mest 0
review common new ana-
lytical tecimquas and the status of all
programs. Thess mesungs have pro-
vided 30 exceilent forum (or the shared
cxpenencs of the chemzuss invoived in
these anaiyset. in maay. il not most
CasEn. spliL sampies are providest 10 the
indusines invoived 30 compansoas of
the daia and the methodology caa bs
mada. To dats no (ewer thag nine in-
dustrial work groups have mads (m-
portant contrbutions Lo the ever con-
tinwng revvew and retinement of the
snalyucal protocol.

The Verification Phase s designed
t0 provide 2 basus for deveioping new
suurce performance sliandards. pre-
treatment standards and 8AT regu-
lations. Plants within an industnal
category are chosen (0 encompuss
various (reatment technologies and
wide geographic areas. in general. only
Prnorty Pollutanu identsiied dunng
the Screenung Phase are reanaiyzed 1n
their respectve indusinail CItegones
thas

Coavenuonal poilution purameters

(for exampie. BOD. TOC. and pH) -
are aiso measured aloag with the Pri- -

onty Polluaaws. The sampiing and

tion. Anaiyucal methods may inciude
thase in the Scresming Phase protocol,
unly GC uung packed or capilary
columns and speaiic deieciors, high
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pressure  liyuid  chromatograpny
(HPLC)., or 4ny comainauon ot the
above.

The Momitoring Phase will use iess
expensive methods than GC-MS
whenever pussible. Five contracts. to-
tahing 31.5 muhon. are imeu at Jde-
veioping and ventying  aiternate
methods to GC-MS fur anaiyzing the
vrtanic Priorty  Pollutants. Thee
methods concentrate on ampie
cleanup and fracuonauvn prior 10
anaiysis. Final identificauon/guanu-
ficauon will be done using GC and
HPLC wih speaafic deteciors.

The | 14 organic Priority Polluanu
are divided into |2 groups (Tabie 4),
and methods are iryng 10 be developesd
that wil specificaily idenuly and
quanufy each of the Pnomty Pollutanc
in that group in the presence of inter-
fering organc compounds. To venfy
the methods. wastewatery spuxest with
soluuons of cach of the groups wiil be
anaiyzed. Youden pairs of
trates {twao solutions with cluse but
difTerent concentrations) wiil be used
for spaking. Twenty EPA and pnivate
laboratorves will verifly the majonity of
the methods for all |2 groups before
the end of 1979. The EPA will nt
necemsaniy be bound by the methods
devetopad (or thess 12 groups. Hope-
fully soms waificanon will be acimeved
by tking the best {eatures of methods
daveioped under thase coatracs and
3130 under some EPA dnnking water
anaiysms contracas. Obvicusly methuds
deveioped (or drinking water anaiyses
canaot bs used for industnal waste-
water analyses without modificatons
(o cleanup procedures. But fewer per-
mutations might be achisved umng
some of the supenor cicanup methods
deveioped under Monionng Phase
contracts and some of the supenor
chromatographic wnditiuns develuped
for anaiyzing drinking water sampies
for these same compuunds.

A lirst arast of the

methods for the monitoring
phase will be promuigated
this month

The first draft of each method was
dus in December 1973. Starung about
that time will be 2 seras of intertabo-
ritory sindies 0 ven(y iccuracy and
precision of each method. ([ 3 waste-
water coneaisn Priority Pollutants 18
more than J or ¢ of the |2 groups. it
may be more cost effective for 3 dis-

t0 seil-momtor (or them umng
‘GC-MS. Ultimaseiy, there will prob-
ably be soms industnal ctegones that
arescrved best by GC-MS amatysas (or
seif-monitonng, especiaily in view of
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the pu(cnual few sultwire programs
that sutomaticaily perform the iden-
uficauons and quanufications.

With the undentaxing of the Prnority
Pollutant program. the EPA has taken
16y (1rSt sten 9N the lunyg road of using
GrRINIC 40l LUr Mmunitaring tusic
chemicily i industriul dosharge. The
Prionty Pullutant program a. tur the
1t Ume. aatablishing 4 baseiine ol
mivrmation with regard to chemica)
discharges (rom industfial point
suurces. Tugether with the expanded
program covenng ome <0 oubiwcly
uwaed (reatment works ( POTWs), an
uverall meture vl Lthe nauovn 1 ambient
4nd wurce discharges 13 being pro-
vided.

The 129 Prority Poilluianus are oniy
the beginning of a better way (o mon-
1or industnal wastewster discharges.
The mass spectral daia tapes and the
stored extracts have yet to be exam-
ined. Programs 10 work with thas daea
wiil be 1nit1ated before this year 13 out.
Through thess efforts a (urther fist of
compounds may be deveioped waich
dre of concern (0 1ndusiry, the EPA.
and entironmenialists.

Perhaps the compuunds that are
infrequently found can be removed
from tbe taxic poliwtant list and others
more deserving be addexd. The meth-
uds, of course, wiil conunse 10 improve
a3 technoiogy advances. A larger and
more valid data base wiil be accumu-
lated. in the end we shuuid have rea-
sonabie cost-elfective methods for re-
duciag indastnal pulluuon and mom-
tonay for it And, uiter ail. that o what
we started out 10 do—nobody thought
it wouid be casy.

Dr. Larry H. Keith (1) umgwof the

Anatviscud Ch
Curporssion w 4usun. Texas. ch also
Chm of the ACS Dictava of Emn-
rosmemel Chennsiry emi. pror 10 punmay
Radien. wurked for EPA at the dthens.
Ceurgre Laxironmemet Research Laboe
rasery.

William A. Telllued (¢) 11 chief of the En
ergy and Wimae 8rench. E[fluens
Gusdelines Dici [ { Pro-

lecion Aquwry. Prar 10 ins presew: pose
tion, he surked 18 the Office of Weaier
Enforcwwerrt. both 1a the Perents Dimsun
and the Enforcemens Dicision. He pnmrd
the aquency 18 (972,

Voname 1. Nusviaer 4. Agnd 1979 423
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APPENDIX C

RADIOMETRIC DATA
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APPENDIX C.1
DATA FROM ONSITE SURVEY
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APPENDIX C.2
GAMMA SPECTROSCOPY (CANOGA PARK)
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UC DAVIS GAMMA SCANS - SOIL SAMPLES

Soil samples were counted in groups on a shielded, high-purity Germanium
crystal. The gamma rays were spectrally sorted according to energy by a Can-
berra multichannel analyzer Series 85 with built-in computer. The counting
times varied from 1,000 sec to 10,000 sec, so in reviewing the data printout,
the time of count must be considered. Also, no two samples weigh the same.
The scan is for isotope identification only. The Canberra has a built-in res-
ident 1library. When a peak is identified, it searches the library file of
isotopes to try and suggest a possible isotope. When it finds a peak near the
one detected, it will print out all possible isotopes according to the Tist in
the memory. The hard copy may indicate an isotope and quantity, but further
research would be necessary in most cases, particularly for natural activity,
except K4°, to positively identify the isotope.

The results of the scan indicate the presence of natural uranium, tho-
rium, and possibly radium and their daughter products. Naturally occurring
potassium 40 was of course present also. Traces of Cs137 were also indi-
cated, perhaps from fallout. No significant activity other than natural was
identified in the samples not sent to an independent lab.
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GAMMA SCAN DATA - LEHR

Collection Total Rel.

Time Activity
Sample Number Location (sec) cs!3? ERR % ﬁg
1,2,3,5 Hole 1, top + 5 ft H2, top + 20 ft 2,000 6.7 x 105 151 0 )
7, 8,9, 11, 12 Hole 49, deep 8, 5 top, 9 top, and 1167 2,000 0 2.5 x 10°°
13, 14, 15, 16, 41 Hole 7 deep; 2 in., 5 ft, 8 plastic 140 11 1in, 2,000 2.9 x 10°°
17, 18, 19, 20, 21 Hole 9, 2 in., 5, 10, 15 and 20 ft 2,000 2.1 x 10°% 80 1.8 x 107
22, 23, 25, 26, 44 Hole 10, top 5, 15, 20; hole 18 top 2,000 0 4.4 x 10~
27-31 - Hole 11, 4 in.; 5, 10, 15, and 20 ft 2,000 2.3 x 10-3 72.7 1.0 x 10=°
32-36 Hole 12, 4 in; 5, 10, 15, and 20 ft 2,000 ‘ 3.1 x 107
37, 38, 40, 41 Hole 13, 1, 5, 15, and 20 ft 2,000 2.5 x 10-3 66.6 1.6 x 10~
45-48 Hole 18, 5 ft; Hole 19, top 5 ft, hole 20 top 2,000 3.6 x 10°5 23.5 6.8 x 10'f
49-52 Hole 20, 5, 10, 15, and 20 ft 4,000 Trace Trace 3.4 x 10°~
53-56 Hole 21, 5 in., 5 ft; Hole 23 3 in. 5 ft 4,000 1.6 x 105 86.6 2.9 x 10~°
57-61 Hole 23, 4 in., 5 & 10 ft; Hole 24, 3 in., 5 ft 10,000 2.3 x 10°5 43.6 8.3 x 10°¢
62-66 Hole 24, top; 525; 3 in., 5 ft; hole 26, 9 in., 2,000 7.0 x 10=°
5 ft
67-1 Hole 27, 6 in., 5, 10, 15, and 20 ft 10,000 2.1 x 1075 42.8
74-78 Hole 288, surface 5, 10, 15, and 20 ft 10,000
No. 73 Hole 28A, 6 1n. 2,000 5.3 x 10°5 20,0 2.2 x 10
No. 72 Hole 28, 6 1n. 2,000 2.2 x 10~
79 and 80 Hole 29, 6 in., 5 ft 2,000 5.3 x 10-5 20.0 Positive t
lost
84 and 85 Hole 30, 6 in., 5 ft 2,000 8.8 x 10~
89 and 90 Hole 31, 6 in., 5 ft 2,000 3.6 x 1075 23.5 1 x 1073
92 and 93 Hole 32, 6 in., 5 ft 2,000 2x10°3
94 Dog pen surface samples 2,000 4.6 x 10-5 18.1 2.3 x 10~
95 Surface sample location no. 10 dog pens 2,000 5.7 x 105 18.5 2.7 x 10~
96 Surface sample location no. 11 dog pens 2,000 4.6 x 105 18.1 1.5 x 10~
Water sample River discharge, approximately 50 gal/min 2,000 1.3 x 10°5 33.3 0
130-131 Hole 29, deep well, drilling mud 2,000 5.3 x 10~9 20 2.7 x 10
133 Ashes dug up by gophers; Co-60 field 2,000 0 2.1 x 10™
126-129 Hole 29, 30, 40, 50, and 60 ft mud samples 2,000 3.4 x 10°5 25 2.7 x 10~
121-124 Deep weil no. 1; 40, 50, 60, & 70 ft mud samples 6,586 2.3 x 10~
117-120 Deep well no. 1; start to 30 ft in 10-ft 10,000 1.7 x 10™
increments ‘
Sediment at river discharge 10,000 2.1 x 10°5 43.1 2.4 x 10~
97 Surface sample dog pen no. 12 1,000 1.6 x 10~
98 Surface sample site no. 13, NE corner 2,000 6.5 x 10°5 2.5 x 10~
99 Surface sample east of bfo lab (no. 14) 2,000 2.6 x 10~
100 Surface sample near shop (no. 15) 2,000 1.1 x 1074 14.0 1.4 x 10~
101 Surface sample front gate (no. 16) 2,000 1.11 x 10~4 13.2 1.6 x 10~
102 Surface sample field drain sump 2,000 8.4 x 10-5 15.0 1.2 x 10~
103 Surface sample near washdown pad 2,000 2.5 x 10~
104 Surface sample near field drain sump 2,000 1.4 x 10~
105 Hole 13, soil composite hole excavation 2,000 1.6 x 10~
Dog pen samples 6, 7, and 8 stacked 10,000 2.2 x 1075 42.3 2.5 x 10~
Dog pen samples 1, 2, 3, and 5 stacked 10,000 5.1 x 10°5 19.0 2.4 x 10—
Hole 20, 27, 28B at 20 ft, California samples 10,000 2.7 x 10-5 55.5 7.7 x 10~
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U DAYUIS SANPLES 1. 2. 1. & S -- SAMPLE LOCATION HOLE N1 TOPSNIL AND § FEET --- WOLE N2 TOP AND 20 FEET -- | EHR

Talb ND, = 123 RIHL-CANRERRA-FH RADGER PAGE 1
ARCH 1 LIVE TINE = 2000 TRUE TINME = 2003 22 AUG 84 20:34
COLLECTED AT: 19:58:58.0 22 AUG 84

INERGY(KEV)=  0.20994E-04 #CH"2 4 0.54172EQQ0 sCH +0.39208EQ!

PEAK STATISTICS® 00—~ HIN'WIDTHs & NAX UIDTH= @
AREA BACKGROUND= 3 IERROR= .00
150 10 UINDOWs 3.0 KEV 1S0 1D LIBRARYs 1
_AGE (DAYS)s 0.87412E01 TABLE 1
ROIN 1! FROM 72.0 KEV T0 81.2 KEV
PEAK AT  77.2 KEV FUHNe 0.7 KEV
INTEGKAL > 338 RATEs 0.1 CPS
AREAs 122 ERRw  23.41

31-207 AT 73.0 KEV = 0,22408€-03 UC1

KOIN 2 FROM BY.9 KEV T0  96.4 KEV
PEAK AT  92.8 KEV FUliN= 0.5 KEV
INTEGRALs 194 RATEe 0.0 CPS
AREAs 12 ERRe »nNt

ROIN 3 FRON 183.1 KEV 7O 169.4 KEV
PEMK AT 186.3 KEV FUlie 1.8 KEV
INTEGRAL= 134 RATEs 0.0 CrY
AREA= 30 ERRa 40.01

U-233 AT 183.7 KEV ¢ 0,24029E-04 UCI

ROI® 4 FROM 235.4 KEV TO 242.2 KEV

PEAK AT 237.1 KEV FuUlNe 1.2 KEV
INTEGRAL» 226 RATE» 0.1 CPS
AREAS 109 ERR= 19.21

PB-214 AT 241.9 KEV = 0.31044E-15 UCI

ROIN 5 FROM 292.0 KEV TG 299.1 KEV
PEAK AT 293.7 KEV FUNN= 0.8 KEV
INTEGRAL® 82 RATE= 0.0 CPS

- ROI® & FROM 335.4 KEV TO 342.4 KEV
PEAK AT 338.2 KEV Fuline 3.1 KEV
INTEGRAL= 724 RATEe 9.0 CPS
AREA= 34 ERR= .21

C8-136 AT 340.4 KEV * 0.95271E-04 UCI
ROIZ 7 FROM 348.9 KEV 70 334.0 KEV
PEAK AT 332.4 KEV FlUli= 2.0 KEV
INTEGRAL® 98 RATEe 0.0 CP8
AREAe 84 ERR= 13.02

PB-214 AT JI51.9 KEV o 0.71423E-14 UCI

AI-DOE-13504
216

FORM 719-P REV. 2-80

s



ROIN

ROIS

ROIN

FORM 716-P REV. 2-80

’

12

FRON 3507.7 KEV 70 3514.2 KEV
PEAK AT 311.7 KEV Fulne 2.2 KEv

INTEGRALS 70 RATEe 0.0 CPS
AREA= 44 ERRs 23.01
NA=22 AT 311.0 KEV = 0.0E00 ucl
C0-54 AT S11.0 KEV = 0.0E00 ucl
CO-38 AT St11.0 KEV = 0.0E00 ucl
SR-03 AT S14.0 KEV = 0.74303E-04 UCI

FRON $79.8 KEV T0 384.7 KEV

PEAK AT 3584.0 KEV FUulifte 1.9 KEV
INTEGRAL® 33 RATEs 0.0 Crs
AREA= 41 ERR= 2.7

KR-89 AT 3583.0 KEV = 0.26774€-38 UCI

R .. cewow cemv vemws s v Y wwa

FRON 403.9 KEV TO 414.0 KEV

PEAK AT 410.0 KEV FuUNns 2.1 KEV
INTEGRAL= 69 RATE» 0.0 CPS
AREA= 33 ERR= 18.81

XE-135 AT 408.2 KEV = 0,2801E05  UC}
BI-214 AT 409.3 KEV = 0.94225€31 uC}

FROM &£39.3 KEV TO 447.7 KEV

PEAK AT 462.8 KEV .FUHns 3.0 KEV
INTEGRAL= 33 RATE= 0.0 CPS
AREAs= 33 ERR=» 15.1%

CS-137 AT 441.6 KEV = 0.49342E-04 UC]

FRON 907.9 KEV 10 91%5.3 KEV

PEAK AT 913.1 KEV FuURkNs 1.0 KEV
INTEGRAL= 31 RATE= .0 CPS
AREA= 31 ERRe 16,12

FROM 1434.4 KEV TO 1443.4 KEV
PEAK AT 1442.2 KEV FUlNs 2.3 KEV
INTEGRAL= 105 RATEs 0.0 CPS
AREAs 0 ERR= 0.01

K-40 AT 1440.8 KEV = 0,0E00 ucl

AI-DOE-13504
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CHANNEL &8

122
128
134

139
140

327
128
114

424
432

528
334

498
616

433
440

924
928
914

103¢
1064
1072

1107
1112
1120

1204
1208
1214

1444
1472

2871
2672
2680
2488

20
1]

24

1e
(]

“u o

DATA

13 12 1"
17 12 [}]
12 14
18 13
17 12 10
? 8 18
8 8
4 é 17
12 8 18
S 2 3
4 3 2
4 8 8
! 3 2
2 2 2
4 3 2
3 é 10
2
2 1
10 13 9
2 2
14 10 12
[
3 4 -]
2 1 2
1 [}
? 2
(] (] (]
8 é 19
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PR-214 AT 295.2 KEV = 0.22022E-26 UC1

ROTE 4 FROM 335.4 KEV TO J42.4 KEV

PEAK AT 338.4 KEV FUHN= 1.4 KEV
INTEGRAL® 89 RATEs 0.0 CPS
AREA= 47 ERR= 27.481

C5-116 AT J40.6 KEV = 0.12722E-03 UCI

ROIE 7 FRON 3J48.9 KEV TO 334.0 KEV

PEAK AT 351.8 KEV FUlins 1.7 KEV
INTEGRAL= 149 RATEe 0.0 CPS
AREAs 93 ERR= 17.21

PB-214 AT 351.9 KEV = 0.21328E-24 UCI

018 8 FROM 307.7 KEV TO 314.2 KEV
PEAK AT S510.84 KEV FUHNs 3.4 KEV

INTEGRALS 71 RATEs 0.0 CPS
AREA= 32 ERR= 37.51
NA-22 AT 511.0 KEV = 0.0E00 ucl1
C0-36 AT S11.0 KEV = 0,.0800 ucl
CO-38 AT 311.0 KEV = Q.0EQQ uct

ROI® 9 FROM 579.8 KEV TO S584.9 KEV
PEAK AT 383.1 KEV FUlNs 2.0 KEV
INTEGRALs 90 RATE= 0.0 CPS
AREA= 74 ERRs 14.41

KR-89 AT 383.8 KEV = 0.29327827 UCI
ROIN 10 FROM 403.9 KEV TO 414.0 KEV
PEAK AT 409.3 KEV FUNN= 2.0 KEV
INTEGRALe 100 RATEs 0.0 CPS
AREA= 68 ERR= 17.11

XE-133 AT 400.2 KEV = 0.10833E03 UCl
DI-214 AT 409.3 KEV = 0.70338E19 UCI

ROI& 11 FROM 439.5 KEV TO 447.7 KEV

PEAK AT 440.7 KEV FuUline 0.7 KEV
INTEGRM.» 29 RATE- 0.0 Crs
AREAs 0 ERRe 0.0%
RP-8Y AT 437.7 KEV = ¢.0£00 uct
AB-110N AT 437.7 KEV = 0.0800 uct
C8-137 AT 641.6 KEV = 90,0100 uct

ROIS 12 FROM 907.7 KEV TO 915.3 KEV
PEAK AT 911.1 KEV FUNNs 1.7 KEV
INTEGRAL® 30 RATE- 0.0 CP8
AREAs 33 ERRe 23.7%

ROI® 13 FROM 1434.4 KEV TO 1443.4 KEV
PEAK AT 1440.% KEV FUNNa 2.4 KEV
INTEGRAL= 188 RATE 9.0 Crs
AREA= 42 ERRe 3.0t

K-40 AT 1440.8 KEV = 0.24791E-02 U1

AI-DOE-13504
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CHANNEL @

122
128
134

133
140

327
328
138

424
432

528
336

698
814

433
540

924
928
934

1099
10484
1072

1107
1112
1120

1206
1208
1214

1844
1472

281
2672
24680
2688

FORM 719-P REV. 280

7
18

33

24
14

N

"
12

10
13

~N @

18
40
10

24

12
13

-

N

A

DATA

14 20
‘0 13
14
24 2
” 20
" 28
10
17 Y
1 17
9 ?
3 7
6 7
5 3
s 3
A 2
8 ?
1 0
0 2
s 2

12 s
1 0
5 0
s A
2 1
2 1

2 3
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N
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12

29

79

3
16

k4l
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72

26

~
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0 &

4
18
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UC DAVIS SANPLES1I. 14, 13, 146. § 4t HOLE LOCATION 7 (DEEP).B(2_IN..SFEET)AND 8 SPECIAL PLASTIC) W14 € 11 INCHES LEHR
»

TA8 NO, = 123 RIHL-CANBERRA-FH DADGER PAGE 1
ADCE | LIVE TINE = 2000 TRUE TENE = 2003 22 AUG 94 04c08
CSLLECTED ATs  03:33:03.1 22 MU0 B84

ENEROY(KEV)= 0.20996E-04 sCH"2 + 0.34172E00 *CH +0.39208€01

PEAK STATISTICA= 1.00 NIN UIDIN= 4 HAX UIDTH= 8
AREA DACKGROUND= 3 ZERROR= 1.00

150 10 VINDOM= 3.0 KEV 150 1D LIDRARY= |

ASE (DAYS)= 0.80744E08 TALE

ROI® 1 FROM 72.0 KEV 70 B1.2 XEV
PEAX AT 77.0 KEV FUHN» 1.6 KEV
TNTEGRAL = 336 RATEs 0.1 Cp8
AREA= 130 ERR» .71

D1-207 AT  73.0 KEV = 0.25344E-03 UCI
ROI® 2 FROM 89.7 KEV 16 946.4 KEV
PEAK AT 92.7 KEV FUHNs 1.9 KEv

INTEGRAL= 194 RATE= 0.0 CPS
AREA= 38 ERR= 40.51

ROIR 3 FROM 103.1 XKEV TO 189.4 KEV

PEAK AT 184.0 KEV FUHA= 1.2 KEV
INTEGRAL= 134 RATE: 0.0 CPO
AREA= 43 ERRe 40.01

U-233 AT 103.7 KEV = 0.39044E-04 UCI

ROIN 4 FROM 233.4 KEV TO 242.2 KEV
PEAK AT 236.4 KEV FuHne 1.3 KEV
INTEGRAL= 233 RATE- 0.1 CPS
AREA= 131 ERR= 16.02

ROI® 5 FROM 292.0 KEV 10 299.1 KEV
PEAK AT 295.2 KEV FUHNe 0.9 KEV
INTEGRAL= 92 RATE= 0.0 CPS
AREA= 22 ERRe 72.7t

PD-214 AT 293.2 KEV = 0.2178€-27 (CI
ROI® & FROM 333.4 KEV 1O J42.4 KEV
PEAK AT 338.) KEV Fuine 1.9 KEV
INTEGRAL= 82 RAJEe 0.0 CPS
AREA= 40 ERR= 2.1

C8-134 AT 340.4 KEV = 0.1001E-03 UC1



ROIN

ROIN

ROIN

CHANNEL ¢

FORM 719-P REV. 2-80

12

FROM 348.9 KEV T0 3546.0 KEV
PEAK AT 132,.1 KEV FulNe 1.4 KEV
INTEGRAL® " 119 RATEs 0.0 CP8
AREA= 77 ERRs  18.1X

PB-214 AT 331.9 KEV = 0.33472€-27

FROM 307.7 KEV TO 3514.2 KEV
PEAK AT 310.8 KEV FUliNe 2.8 REV

INTEGRALe 43 RATEs 0.0 Crs

MREAe 37 ERR= 27.0%
NA=22 AT S11.80 KEV = 0.0£00
C0-34 AT St11.0 KEV = 0.0600
CO-38 AT 311.0 KEV = 9.0800

FRON S79.8 KEV TO 304.7 KEV

PEAK AT  3831.3 KEV FUli= 2.2 KEV

INTEGRAL= 44 RATEs 0.0 CP8

AREA= 30 ERRs= 246.41
KR-89 AT 385.8 KEV = 0.44831E22

FROM 403.9 KEV TO 414.0 KEV

PEAK AT 409.2 KEV FUNN= 1.8 KEV

INTEGRAL= 731 RATEs 0.0 CP8

AREA= 37 ERRs 17.32
XE-135 AT . 408.2 KEV = 0.85931E04
BI-214 AT 409.3 KEV = 0.1243SE1?

FROM 439.3 KEV T0 447.7 KEV

PEAX AT >2)>>> KEV FUNN= §33.1 KEV

INTEGRAL= 23 RATEs 0.0 CP8

AREAs 7 ERRs P2 202

FROM 907.9 KEV TO 913.3 KEV

PEAK AT 911.0 KEV FUHNe 0.7 KEV

INTEGRAL® 37 RATEs 0.0 CP8

AREAs 22 ERRs 34.32

FRON 1434.4 KEV TO 1443.4 KEV

PEMK AT 1440.9 KEV FUlNe 4.0 XEV

INTEGRAL= 126 RATEs 0.0 CPs

AREA= 72 ERR= 23.41

K-49 AT 1440.8 KEV = 0.28483E-02

AI-DOE-13504
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UC DAVIS SANPLES 17, 18, 19, 20, 321 HOLE LOCATION #9¢ 2 IN .5. 10. 13, 320 FEET) LEWR

‘
TAG NO. = 123 RIHL-CANBERRA-FH BADGER PAGE 1
ADCE 1 LIVE TINE » 2000 TRUE TINE = 2001 22 AUG 84 033113
COLLECTED AT: 02140340.4 22 AUG 84
ENERGY(KEV)® 0.20994E-04 oCH“2 + 0.34172€00 oCH +0.39208€01
PEAK STATISTICS= 1,00 NIN WIBTHe 6 MAX UIDTHs 8
AREA BACKGROUNDs 3 IERRQR® 1,00
1S0 1D VInDOUs= 3.0 KEV 150 1D LIDRARYs |
AGE (DAYS)s 0.80402E01 TABLE 1
ROI® 1 FRON 72.0 KEV TO  81.2 KEV
PEAK AT  77.0 KEV FUHNe 1.0 KEV
INTEGRAL» 399 RATE= 0.1 CP8
AREAs 147 ERRs 231.11
B1-207 AT 75,0 KEV = 0.24998E-03 UCI
ROI® 2 FRON B89.9 KEV TO  96.4 KEV
PEAK AT  92.5 KEV Fulins 1.8 KEV
INTEGRAL® 204 RATEs 0.1 CP8
AREA= I3 ERR= 43.71
ROI® 3 FROM 183.1 KEV TO 189.4 KEV
PEAK AT 183.3 KEV FUHN= 2.2 KEV
INTEGRAL = 134 RATEs 0.0 CPS
AREA= 32 ERRe 39.32
U-233 AT 183.7 KEV = 0.27744E-04 UC]
ROI® 4 FROM 233.4 KEV TO 242.2 KEV
PEAK AT 238.7 KEV FUlhe 1.2 KEV
INTEGRAL= 232 RATEe 0.1 CPS
AREAs 122 ERR= 18.81
ROIN S FROM 292.0 KEV 70 299.1 KEV
PEAK AT 293.2 KEV Fulite 1.8 KEV
INTEGRAL= 97 RATEe 0.0 Crs
AREA= 33 ERR= 23.41
PD-214 AT 293.2 KEV = 0.13342E-27 UC]
ROIN 6 FROM J33.4 KEV TO0 342.4 KEV
PEAK AT 338.3 KEV Fuite 2.0 KEV
INTEGRAL= 73 RATEs 0.0 CPS
AREAs 33 ERRs 37.32
C8=134 AT J40.4 KEV = 4.87000E-04 XK1
ROI® 7 FRON J48.9 KEV T0 334.0 KEV
PEAK AT 132.0 XEV FUMN= 1.4 KEV
INTEGRAL= 7 RATE- 4.0 CP3
AREA= 37 e 0.3
PP-214 AT J31.9 KEV =  0.10397€-27 UCl
ROIG O FRON 307.7 KEV T0 S14.2 KEV
PEAN AT  310.7 KEV Fuline 2.0 KEV .
INTEGRAL= 43 RATEs 0.0 Crs
AI-DOE-13504
225

FORM 719-P REV, 2-80



ROIN

FORM 719-P REV. 2-80

12

PB-214 AT 293.2 KEV = 0.13342E-27

FROM 333.4 KEV TO 342.4 KEV

PEAK AT 338.3 KEV FUNN= 2.0 KEV
INTEGRAL= 73 RATEs 0.0 Crs
AREA= 33 ERRe 3.5

Ce=-134 AT J40.4 KEV = 0,.89000E-04

FROM 348.9 KEV T0 334.0 KEV

PEAK AT 352.0 KEV File 1.4 KEV
INTEGRALe 79 RATEe 4.0 CPS
AREA= 37 ERRe 4.

PO-214 AT J31.9 KEV = 4.10397€E-27

FROM 3507.7 KEV TO 314.2 KEV

PEAK AT 310.7 KEV Filiite 2.0 KEV
INTEOGRAL= 43 RATEe 0.0 Crs
AREA= - 39 ERRe 20.22

HA=22 AT S511.0 KEV = 0.0E00
C0-36 AT 311.0 KEV = 0.0E00
C0-38 AT S11.0 KEV = 0.0E00

FRON $579.0 KEV TO $584.9 KEV

PEAK AT 383.3 KEV Fulne 1.4 KEV
INTEGRAL= 43 RATEe 0.0 CP$
AREA= 43 ERRe 12.61

KR-09 AT 383.8 KEV = 0.14474E18

FROR 403.9 KEV TO 414.0 KEV

PEAK AT 409.1 KEV FUlNs 2.4 XEV
INTEGRALe 84 RATEe 0.0 CP$
AREA= 48 ERRe 14.11

XE-133 AT 408.2 KEV = 0.93928E04
BI-214 AT 409.3 KEV = 0.23735E18

FRON 439.3 KEV T0 447.7 KEV

PEAK AT 441.2 KEV FUNie 3.1 KEV
INTEGRAL® 26 RATEe 0.0 Cr$
AREA® 10 ERRe 80.02

C8-137 AT 441.6 KEV = 0.21018E-04

FROW 907.9 KEV 70 913.3 KEV

PEAK AT 911.3 KEV FUMite 2.7 KEV
INTEGRAL® 49 RATE= 0.0 CP$
AREAe 34 ERRe 2.4

FROM 1454.4 KEV 70 14431.4 KEV

PEAX AT 1441,2 KEV FlUllte 3.9 XEV
INTEORAL® 154 RATEe 0.0 Crs
AREA= 46 ERR= 43.62

K-40 AT 1440.8 KEV =  0.18324E-02

AI-DOE-13504
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CHANNEL ¢

122
128
136

133
160

127
28
134

424
432

328
336

400
é

433
440

FORM 718-P REV. 2-80
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18
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2
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- 4 - N w e

18 17 1é
30 31 13
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12 22
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14 13 17
1A 4
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4 2 2
3 1 ]
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UC BAVIS SANPLES 22. 23. 23. 24, 8 44 - HOLE LOCATION & 10 (TOP. S, 13, 3 20 FEET) HOLE 818 (TeP) XIKX LEMR

‘
1AG NO. = 123 RINL-CANBERRA-FN BADGER PAGE 1
ADCE LIVE TINE = 2000 TRUE TINE = 2003 22 AUG 84 01432
COLLECTED AT: 00134:47.5 22 AUG 84
ENERGY(KEV)= 0.20995E-04 ¢CH-2 ¢ 0.34172E00 oCH +0.39208E01
PEAK STATISTICSe 1.00 NIN GIDTH= & MAX UIDTH= @
AREA DACKBROUNDe 3 ZERROR= 1.00
180 ID WINDOW= 3.0 KEV 180 1P LIDRARYs 1
AGE (DAYS)® 0.79444E01 TARLE 1
ROI® t FRGW 72,0 KEV 70 81,2 KEV
PEAK AT 77.1 KEV FUle 1.2 KEV
INTEGRAL= I3® RATEs 0.1 CPS
AREAs 141 ERRe 18,461
§1-207 AT 73.0 KEV = 0.2957E-0] UCl
ROI® 2 FRON 89.9 KEV 1O  94.4 KEV
PEAK AT  93.0 KEV FUHi= 1.4 KEV
INTEGRALs 203 RATEe 0.1 CP§
AREA= 21 ERRe »NN1
ROI® 3 FROM 163.1 KEV TO 189.4 KEV
PEAK AT 184.0 KEV Fulilte 1.4 KEV
INTEGRAL= 113 RATEe 0.0 CPS
AREA» 66 ERRe 22.71
U-233 AT 183.7 KEV = 0.37264€-04 UCI
ROIR 4 FROM 233.4 KEV TO 242.2 KEV
PEAK AT 238.7 XEV FUNNe 1.0 KEV
INTEGRAL= 238 RATEe 0.1 Crs
AREAs 121 ERRe 18.11
ROI® 3 FRON 292.0 KEV TO 299.1 KEV
PEAK AT 293.3 KEV FUll= 1.9 KEV
INTEGRAL® 81 RATEe 0.0 CPY
AREA= J? ERR= 33.32
PB-214 AT 293.2 KEV = 0.70342€-29 UCI .
ROIS 4 FROM 333.4 KEV TO 342.4 KEV
PEAX AT 338.4 KEV Fiiite 2.2 KEV
INTEGRAL® . 4 RATE= 0.0 Cr
" AREA® 38 ERR= 37.41
C8-134 AT J40.4 KEV » 0.1021E-03 UCI
ROIS 7 FROM 349.% KEV 70 1334.0 KEV
PEAK AT 1J32.3 KEV Fllite 2.1 KEV
INTEGRAL® 113 RATEs 0.0 Crs
AREA= 83 ERRe 15.22
PP-214 AT 3I51.9 KEV = 0.10218E-28 UCI
AI-DOE-13504
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ROI® 8

ROI® 9

rROIQ 10

RGIE 11

ROI® 12

ROIR 13

CHANNEL B

122
128
136

193
160

322
328
334

AN

FRON 507.7 KEV TG 314.2 KEv
PEAK AT 311,2 KEV FUHNe 3.1 Kev

2
t4

17
13

2]

INTEGRAL® 4] RATEs 0.0 CPS
AREAs 17 ERRe= 58.82
NA=22 AT 311.0 KEV = 0.0E00 uc1
C0-56 AT 311,0 KEV = 9.0E00 ucl
C0-38 AT S11.0 KEV = 0.0E00 ucl
SR-03 AT 3514,0 KEV = (.29308E-04 VC1
FROM 3579.8 KEV Y0 3584.9 XEV
PEAK AT 983.1 KEV FUNN= 0.9 KEV
INTEGRAL® 72 RATEe 0.0 CPS
AREA= . 38 ERRe 17.22
KR-8? AT 303.8 KEV = 0.1173E08 UCI
FRON 403.9 KEV 70 414.0 KEV
PEAK AT  409.4 KEV FilNe 1.4 KEV
INTEGRAL® 30 RATEe 4.0 CPS
AREAs 30 ERRe 14,02
XE-135 AT 608.2 KEV ¢  0.461443E04 UC1
DI=214 AT 40%.] KEV = 0,44027E14 VUCI
FROR §39.3 KEV T0 447.7 KEV
PEAK AT D>>>)>) KEV Fukn= 633.1 KEV
INTEGRAL® 24 RATEe 0.0 CP8
MEA= 1 ERRs p22 3 3
FRON 907.7 KEV T0 T15.5 KEV
PEAK AT 911.4 KEV Filiis 1.4 KEV
INTEGRAL= 32 RATEs 0.0 CPS
AREA= 32 ERRs 15.42
FROM 1434.4 KEV T0 1443.6 KEV
PEAK AT 1441.4 KEV FUln= 3.8 KEV
INTEGRAL® 137 RATEs 6.0 CPS
AREAs 11 ERR= »ME
K-40 AT 1460.8 KEV » Q.43824E-43 ¥C1
BATA
1" 14 1] 17
3 14 2 % “ 22
13 10 19 10
18 19 13
20 3 H é " é
4 3 2 13 1y 2}
? 3 3 3
9 12 -] 8 =
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UC BAVIS BANPLES 27. 20. 29. 30. & 31 - HOLE LOCATION ®11 (4 IN. 3. 10, 13, 3 20 FEET) LEHR

TAG NO, = 123 RIHL-CANDERRA-FH DADGER PAGE !
ABCE 9 LIVE TINE = 2000 TRVE TIxE = 2004 22 AUO 04 00132
COLLECFTED ATy 22136943.3 21 A8 04

ENEROVINEV)e  §.20994E-04 oCN-2 + 0.354172E00 <CH +0.37208E01

PEAK STATISTICS= 1.0¢0 RIN UIDTIN= & NAX UIBTH= B
AREA DACKOROUND~ 3 IERROR=  1.00

100 1D VINBOUs 3.0 KEV 180 1D LIDRARY= |

AGE (DAYS)=s  §.70444E01 TABLE |

ROI® 1 FROM 72,0 WEV 1O 81.2 KEV
PEAK AT 77.1 KEV FuUlte t.1 KEV
INTEQRAL= 470 RATE- 6.2 CPY
AREAs 1644 ERRe 2.1

PI-N7 AT 73.0 KEV = 0.J412E-01 W1

ROAR 2 FROM  09.7 KEV TO  94.4 WEV
PEAK AT  93.1 KEV FiMle 0.7 KEV

’ le &
INTEORALS 250 RATE= 4.1 CPO Dauis 4 Hele #41
AREAs 33 ERRe 48,41
. HE B B L K REY
ROIS 3 FRON 103.1 NEV 70 187.4 KEV Ve s
PEAK AT 184.4 KEV Fumns 1.1 KEV
INTEORAL® 140 RATE= 9.0 CPD
AREAs Sé Enpe 3391

9-213 AT 185.7 KEV = 0.40308E-04 UC]

ROI® 4 FROM 233.4 KEV 1O 242.2 KEV
PEAR AT 230.9 KEV Fumns 1.3 KEV
INTEORAL = .305  RATE- 9.1 CPe
AREA= 100 ERRe 12.1

ROI® 3 FROM 292.0 KEV TO 299.1 KEV
PEAK AT 293.4 KEV FUHRe 1.2 K
INTEGRALS 120 RATE= 0.0
AREA= 70 ERRs 17.9

v
4 ]
1



08 "A3N 4'8LL WHO4L

L€C
¥0seL-300-1Y

ROIN

ROIN

PR-214 AT 293.2 KEV = 0.33962E-30 UC]

FROM 333.4 KEV TO 342.4 KEV

PEAK AT 338.4 NEV FUHNe 1.1 XKEV
INTEGRAL® 93  RATE= 0.0 CPo
AREA= 37 ERRe n.a

C8-136 AT 340.4 KEV = 0.10423€-03 UC}

FRON 340.9 KEV 10 336.0 KEV

PEAN AT 332.2 KEV FUMAe 2.9 KEv
INTEBRAL= 136 RATE- 0.0 Crd
AREA= 24 IRRe 15.91

PB-214 AT 331.9 KEV = 0.272798-30 UCI
FREN 307.7 KEV 7O 314.2 KEV

PEAK AT 311.2 KEV FuMne 1.2 KEV
INTEGRAL> 49 RATE- 0.0 crt
AREA= 43 ERR= 3.
RA-22 AT S511.0 KEV = 0.0£00 ucl
€0-34 AT 311.0 KEV = 0.0£00 w©l
CO-30 AT 311.0 NEV = 9.0£00 ucl

8R-83 AT 314.0 KEV = 0.74031E-04 UC]
FROM 379.0 KEV TO 384.9 KEV

PEAN AT 303.3 KEV FURM« 1.1 NEV
INTEGRAL= 76 RATE= 0.0 CP3
AREAe 40 ERR= 2.1

KR-8% AT 95083.0 KEV = 0.20813€-04 UC1
FRON 403.9 KEV T0 414.0 KEV

PEAK AT 409.4 KEV Fuline 2.7 eV
JIKTEGRAL= 91 RAIE 0.0Cry
AREA= 73 ERRe 14.42

XE-133 AT 408.2 KEV = 0.7499E04 UCI
BI-214 AT 409.31 KEV » 9.43833E14 UC]

FRON 439.3 KEV 10 447.7 KEV

PEAN AT 461.8 KEV Funns 1.9 KEV
INTEGRAL® 27 RATE- 0.0 CPo
AREAe t1 ERRs 72.71

€8-137 AT 4481.4 NEV = 0.23119E-04 ¥C1

FROM 907.7 KEV 10 913.3 NEV

PEAX AT 991.7 XEV Funne 3.3 KEV
INTEORAL= 33 RATE= 0.0 CPs
AREA» 33 ERRe 13.12

e A — e

" Pauvis ¢

« Hale # 1/

HHHSRHH

39 KEV vFSeLBOCa1ID)

ll“L‘Cl!‘lll_ll-!N anpaoer

CRTacag-g6)

Rs

81 3 0y
13 M




ROIE 13 FRON 1454.4 KEV TO 1443.4 KEV
PEAK AT 1441.3 KEV FuUlie 3.2 KEV
INTEBRAL® 149 RATEs 0.0 Cr8
AREA= 23 ERRs 96.02
K-40 AT 1440.0 KEV = 0.994E-03
CHANNEL 8 DATA
122 12 13 19
128 33 34 23 33 L) ]
136 1 4 20 27
133 17 2
1460 27 k) ) K] 17 17
327
320 9 8 8 18 17
334 12 8 7 9
424 7 é 4 9 24
432 13 1" 12 13 14
520 3 3 4 7 9
334 12 7 * 2 é
408 3 2 4 2 7
AI-DOE-13504
232

FORM 719-P REV. 2-80
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13

24
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20

"
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22

)

24

20

40
14
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13
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22



UC DAVIS SAMPLES 32. 23, 34. 35 334 HOLE LOCATION @12 (4 IN , 5.‘10.13.820 FEET) IX LEKR

TAG N0, = 123 RINL-CANDERRA-FH DABGER PAGE 1
ADCE 1 LIVE TINE = 2000 TRUE TINE = 2003 21 AUG 84 19139
COLLECTED AT: 03¢42:01.4 21 AUG 84

ENEROY(KEV)= Q.20994E-046 »CH“2 ¢ 0.34172E00 oCH +0.39208E01

PEAK STATISTICS= 1,00 HIK UIDTHe 4 NAX UIDTHe @
AREA BACKGROUND= 3 IERROR= 1.00

150 1D UINDOUs 3.0 KEV 180 10 LIBRARY= |

AGE (DAYS)= 0.70828E01 TABLE 1

ROI® 1 FROM 72.0 KEV TO 81.2 KEV

PEAK AT  77.0 KEV FlMile 1.2 KEV
INTEGRAL® 362 RATE= 9.1 CP8
AREA= 110 ERRe 30.01

D1-207 AT 73.0 KEV = 0,20202E-03 UC1

ROIA 2 FROM  89.9 KEV 0  94.4 KEV
PEAK AT 93.0 KEV FUlie 1.4 KEV
INTEGRALs 210 RATEs 6.1 Cr8
AREAs 41 ERRs 58.52

ROI® 3 FROM 183.1 KEV 7O 189.4 KEV
PEAK AT 183.8 KEV FUllhe 0.8 KEV
INTEGRAL= 133 RATE= 0.0 Crs
AREA= 42 ERRe 9.0

U-235 AT 18S.7 KEV = 0.33794E-04 UC1
ROIB 4 FROM 233.4 KEV TO 242.2 KEV

PEAK AT 230.6 KEV FUlNe 1.4 KEV
INTEORAL= 290 RATEs 0.1 crs
AREA= 160 ERRe 14.31

ROIS S FROM 292.0 XEV TO 299.1 KEV
PEAN AT 293.4 KEV FlMie 2.1 KEV
INTEGRAL® 14 RATEe 0.0 Crs
AREA= 32 ERRe 23.01

PB-214 AT 293.2 KEV = 0.33294E34 UCI

ROIS & FRON J35.4 KEV 10 342.4 KEV

PEAX AT 338.5 KEV FiMne 1.7 KEV Al
INTEGRALS 49 RATE= 0.0 CPB
AREA= 27 ERRe 44,43

C8-136 AT 340.4 KEV = 0.49228E-04 UCI
ROIS 7 FRON 348.% KEV T0 334.0 KEV
PEAK AT 352.0 KEV FuNe 1.7 KEV
INTEGRAL® 108 RATEe 0.0 CPS
AREA= 46 ERRm 1.22

PB-214 AT 331.9 KEV = 0.44778E34 UCI

Al-DOE-13504
233

FORM 719-P REV, 2-80



ROIY

RO1Y

ROIA

RO14

12

FROM 3547.7 KEV TO 314.2 KEV
PEAK AT 510.8 KEV FUHN= 1.1 KEV

INTEGRAL® 49 RATEs 0.0 CPS
AREA= 43 ERR~ 23.3
HA=22 AT S11.0 KEV = 0.0E00 ucl
C0-36 AT 311.0 KEV = ¢.0E00 uCl
CO-38 AT 311.0 KEV = 0.0E00 ucl

FRON 3579.0 KEV YO 3504.7 XEV

PEAK AT 383.3 KEV FUlie 1.0 KEV
INTEGRAL® 44  RATE» 4.0 CPS
AREAs $1 ERRe= 17.31

KR-@% AT 385.0 KEV = 0.12373E-34 UCI

FROM 4605.7 KEV TO 414.0 KEV

PEAK AT 409.4 KEV FUbs 1.3 KEV
INTEGRAL 7?7 RATEe 0.0 CPS
AREA= 7?7 ERRe 10.31

XE=133 AT 400.2 KEV = ¢.18804E04 UC1
B1-214 AT 409.3 KEV = 0.30190E-03 UCl

FRON  439.3 KEV TO 447.7 XEV

PEAK AT 443.2 KEV Fllite 0.9 XEV
INTEGRAL= 17 RATE= 0.0 CPS
AREA= 17 ERRs 2.0

SB-124 AT 444.2 KEV » 0.30306E-04 UC1
1-132 AT 447.7 KEV = 0.40337E18 VULl

FRON 907.9 KEV T0 #13.3 KEV

PEAK AT 911.3 KEV FuiNs 2.2 KEV
INTEGRAL® 41 RATE= 0.0 CPS
AREAs 41 ERRe 14,481

FROM 1434.4 KEV 70 1443.4 KEV

PEAK AT 1441.9 KEV FuMN= 2.0 KEV
INTEGRAL= - 1950 RATEe 6.0 Crs
AREA= 78 ERR= 24.31

K-4¢ AT 1440,8 KEV = 0.31473E-02 BC1

AI-DOE-13504

234
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CHAMNEL 0

122
128
136

193
160

327
328
334

A1
432

528
$3¢

408
alé

413
640

924
128
34

103¢
1044
1072

1107
1112
1120

1206
1208
1216

1664
1472

2871
2472
2680
2488

FORM 719-P REV. 2-80

26

[ S ]

14

22
24

b

10
12

12
23

P

» N

13 13 17
2 32 12
14

22 17 10
14 13 13
13 £Y) 13
4

10 1 44
22 8

9 4 13
4 4 1
0 . 13
3 4 3
7 3 12
s 3 2
s 13 s
1 2 1
’ 3 0
1 2 2
' 3 2
0 3 1
1 0 0
3 3 7
1 0 0
' 4 2
’ u 20
AI-DOE-13504

235

DATA

27

18

o A



UC DAVIS SANPLE & 37, 38. 3¥ 40 841 HOLE LOCATION @13 (1.3.13 820 FEET) LEHR

ﬂ
TAG NO. = 123 RIHL-CANBERRA-FH BADGER PAGE 1
ADCE 1 LIVE TINE = 2000 TRUE TINME = 2003 21 AUG 84 02134
COLLECTED AT: 01152319, 21 AUG 64
ENERBY(KEV)=  0.20994E-04 #CH"2 + 0.34172€00 oCH +0.39208E01
PEAK STATISTICSs 1,00 MIN VIDTHe ¢4 NAX UIDTHs 8
AREA DACKGROUXB= 3 1ERRORs 1,00
1S0 1D UINDGUs 3.0 KEV 1S0 1D LIBRARY= 1
AGE (DAYS)es 0.70044€01 TABLE 1

ROIA t FROM 72.0 KEV TO 81.2 KEV
PEAK AT  77.1 KEV FUliN= 0.7 KEV
INTEGRAL= 334 RATEe 0.1 Crs
AREA= 82 ERR= 40.21

BI-207 AT 73.0 KEV = 0.1304E-03 UCI

ROIN 2 FROM 89.7 KEV T0O  94.4 KEV
PEAK AT  92.8 KEV FUNN= 2.2 KEV
INTEGRAL= 187 RATEs 6.0 CP8
AREA= 44 ERRs 30.02

ROI® 3 FRON 183.1 KEV T0 189.4 KEV
PEAK AT 184.2 KEV FiliN= 1.4 KEV
INTEGRAL® 139 RATE= 0.0 CPS
AREA= 48 ERRe 26.41

U-233 AT 183.7 KEV = 0.50999E-04 UC1 .

ROI® 4 FROM 233.4 KEV TO 242.2 KEV

PEAK AT 238.4 KEV FUHNs 1.4 KEV
INTEGRAL= 252 RATE= 0.1 CPs
AREA= 133 ERR= 16.21

ROI® 5 FROM 292.0 KEV TO 299.1 KEV
PEAK AT 293.3 KEV FUNN= 0.7 KEV
INTEGRAL= 99 RATE» 0.0 CP8
AREA= 37 ERRe 24.32

PP-214 AT 295.2 KEV = 0.33343E33 UCI

ROI® & FROM 3J33.4 KEV TO 342.4 KEV
PEAK AT 338.3 KEV Filiie 1.2 KEV
INTEGRALs 77 RATEe 0.0 Crs
AREA= 49 ERR= 22.41

C8-134 AT 340.4 KEV » 0.12313E-03 UC]
ROIS 7 FROM 340.% KEV TO 334.0 KEV
PEAK AT 332.1 KEV FuNN= 1.7 Xev
INTEGRAL= 132 RATEe 0.0 CP8
AREA= 104 ERR= 13.41
PB-214 AT 3I31.9 KEV = 0,.43223833 UCI
ROIN 8 FROM $07.7 KEV TO0 $14.2 KEV

PEAK AT S510.6 KEV FlUlite 3.9 KEV
INTEGRALs 43 RATFs 0.0 CPR

AI-DOE-13504
236
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ROIN

RO1M

ROIN

ROIS

ROIN

1"

13

FROM 348.9 KEV TO 334.0 KEV

PEAK AT 332.1 KEV FUHie 1.7 KEV
INTEGRAL® 132 RATEe 9.0 CP8
AREA= 104 ERR= 13.42

PD-214 AT 331.9 KEV = 0.43223E33 UC]

FRON 507.7 KEV TO 314.2 KEV
PEAK AT 310.6 KEV Flille 3.8 KEV

INTEGRAL® 43 RATEs 0.0 CPS
AREA= 30 ERRe 26,62
NA-22 AT 311.0 KEV = 0.0E00 ucl
C0O-54 AT 311.0 KEV = 0.0E00 ucl
C0-58 AT J11.0 KEV = 0.0E00 ucl

FROM 579.8 KEV 7O 384.9 KEV

PEAK AT 583.2 KEV FUHNe 1.4 KEV
INTEGRAL= 49 RATEs 9.0 CP3
AREAs 33 ERRs 18.12

KR-@? AT 383.8 KEV = 0.82909E30 UC1

FRON 403.7 KEV TO 414.0 KEV

PEAK AT 408.8 KEV Fliie 2.1 KEV
INTEGRAL® 49 RATEs 0.0 Crs
AREAs ° 4% ERRe 11.82

XE-133 AT 400.2 KEV = 0.14430E04 UC1
81-214 AT 409.3 KEV = 0.7307€-03 UC1

FROM 439.3 KEV TO 447.7 KEV

PEAK AT  §41.7 KEV FViNs 3.0 KEV

INVEGRAL® 28 RATE 6.0 CP8

AREA= 12 ERRe 46.41
CS-137 AT 441.4 KEV = 0.2322€-04 UCI

FROM 907.% KEV TO 913.3 KEV

PEAK AT 911.0 KEV FUliNe 1.3 KEV
INTEGRAL® 39 RATEe 0.0 CPS
AREAs 3¢ ERRe 13.32

FROM 1434.4 KEV 70 1443.6 KEV

PEAK AT 1440.8 KEV Filihe 4.3 KEV
INTEGRAL® 113 RATE= 9.0 Cre
AREAs 41 ERRe 43.91

K-40 AT 1440.8 KEV = 0.14334E-02 UC]

AI-DOE-13504
237

FORM 719-P REV, 2.80



29

14
12

2

13

19
11

30

——

122 18 1" 1y 13
129 24 17 13 44 ]| 14
134 1 14 12 9
1558 14 23 7
140 1" 21 17 11 12 3
327
320 ] 3 13 1 27 20
313 s 0 10 10
424 3 10 7 4 22 3é
432 1 10 13 1] 19
528 s 2 3 3 7 4
33 10 4 é 4 3 s
408 ] s 1 3 é 14
e 3 4 s [ 0 4
43 2 2 é 10 12
440 20 ’ 4 ’ 2 1
224
28 ] 4 ] 3 4 ]
136 0 2 9

1059 2 0 2

AI-DOE-13504
238

EMA@MAL 7100 BEV AL an



I, BAVIS SANPLES 4S. 44. 47, 348 HOLE LOCATIONS %18 (3 FT) #19 (TOP AND 3 FT) AND 20 ( TOP) LEHR

TAD NO. = 123 RIHL-CANBERRA-FH BADGER PAGE 1
AdDCE 1 LIVE TINE = 2000 TRUE TINE = 2002 21 AUG 84 01130
COLLECTED AT: 01:04:30.0 21 AUG B4

ENERGY(KEV)® 0.20994E-04 sCH"2 + 0.34172E00 oCH +0.39208E01

PEAK BTATISTICSe 1.00 NIN UIBTHs ¢ NAX UIDTHe 6
AREA DACKGROUND= 3 1ERROR= 1.00

180 1D VINDOW= 3.0 KEV 180 ID LIBRARYs 1

AGE (DAYS)= 0.49748E01 TADLE 1

ROIN 1 FROM 72.0 KEV TO 81.2 KEV
PEAK AT 77.3 KEV FUHN= 0.7 KEV
INTEGRAL= 239 RATEs 0.1 CP§
AREA= 41 ERRs 47.3%

81-207 ATl 75.0 KEV' = 0.11203E-03 UCI

ROID 2 FROM  89.% KEV TO  94.4 KEV
PEAK AT >>>22) KEV FUlN=  84.0 KEV
INTEGRAL s 139 RATEs ¢.0 CP$
AREA= 16 ERRe »»MY

ROIP 3 FRON 183.1 KEV TO0 189.4 KEV
PEAK AT 183.7 KEV FUlid= 0.8 KEV
INTEGRAL® 102 RATE= 0.0 CPS
AREA= 37 ERR= 40.351

U-233 AT 183.7 KEV = 0.32103E-04 UCI

ROID 4 FROM 233.6 KEV TO 242.2 KEV
PEAK AT 238.8 KEV FUKN= 1.0 KEV
INTEGRAL= 177  RATE= 0.0 CPS
AREA= 73 ERRs 22.31

ROIN 3 FROM 292.0 KEV T0 299.1 KEV
PEAK AT 293.3 KEV Fulin= 1.4 KEV
INTEGRAL® 80 RATEs 0.0 CPS
AREA= 38 ERRe 34.21

PD-214 AT 293.2 KEV = 0.72432E32 UC)
ROIO 4 FROM 333.4 KEV TO J42.4 KEV
PEAK AT J38.7 KEV FUNNe= 1.1 KEV
INTEGRAL= 60 RATEe 0.0 Cr8
AREA= 32 ERRe 3.3
C8-134 AT 3J40.4 KEV = 0.81381E-04 UCI
ROID 7 FROM 348.7 KEV TO 334.0 KEV
PEAK AT J332.0 KEV FuUlie 1.3 KEV
INTEGRAL= 93 RATEs 0.0 CPS
AREAs 51 ERRs 23.41
PB-214 AT J31.9 KEV » 0.44792E32 UCI

ROI® 8 FROM 3507.7 KEV TO $14.2 KEV
PEAK AT 311.2 KEV Funis 2.4 KEV

AI-DOE-13504
239

FORM 718-P REV, 2-80



ROIN

ROIM

ROIN

ROIN

ROIS

FORM 719-P REV. 2-80

10

FROM S07.7 KEV TO 514.2 KEV
PEAK AT 311.2 KEV FUNN= 2.4 KEV

INTEGRAL= 50 RATE- 0.0 Cr3
AREA= 37 ERRe 21.482
HA-22 AT 511.0 KEV = 0.0E00 ucl
C0-36 AT 311.0 KEV = 0.0€00 uc1
CO-38 AT S11.0 KEV = 0,0E00 ucI

SR=83 AT 314.0 KEV « 0.43113E-04 UCY

FROM 579.8 KEV TO 384.7 KEV

PEAK AT 3083.2 KEV FUlNs 1.4 KEV
INTEGRAL= 52 RATEs 0.0 CPS
AREA= 52 ERRe 13.4

KR-89 AT 583.8 KEV = 0.34847E24 UCI1

FROMN 403.9 KEV 10 414.0 KEV

PEAK AT 409.0 KEV FuHNs 1.0 KEV
INTEGRAL® 42 RATEs 9.0 CP8
AREA= 44 ERRe 1.7

XE=135 AT 408.2 KEV = 0.92183E03 uCI
BI-214 AT 409.3 KEV = 0.10143E-03 UCI

FROM 439.3 KEV TO 447.7 KEV

PEAK AT 441.7 KEV Fulie 2.0 KEV
INTEGRAL= 17 RATEs 0.0 CP8
AREA= 17 ERR= 23.32

C8-137 AT 441.4 KEV = 0.33726E-04 UCI

FROM 907.9 KEV TO 913.9 KEV

PEAK AT 911.7 KEV FUNNs 2.1 KEV
INTEGRALe 29 RATE. 0.0 Cr8
AREA= ) 14 ERRe 37.12

FROM 1434.4 KEV TO 1443.4 KEV
PEAK AT 1442.0 KEV FUulhe 1.8 KEV
INTEGRAL: 107 RATE= 0.0 Cr8

" AREA= 17 ERRe »NL

K-40 AT 1440.8 KEV = 0.47723E-93 UCI

AI-DOE-13504
240



CHANNEL &

122
128
134

133
160

27
320
334

424
432

528
334

408
414

433
440

24
928
34

1035
1084
1072

1107
1m12
1120

1204
1208
1214

1444
1472

247
2472
2600
2480

[ S ]

-

> N O

@ A (7]

~N O [* N )

~N

- o

13 13 8
23 3 16
8

17 " "
14 10 8
" 17 9
9

6 9 27
12 13

7 4 10
2 ? 0
3 3 s
1 4 3
1 ? 7
1 3 2
7 . ]
0 1 0
¢ 0 3
2 2 2
7 ' 0
3 0 1
1 1 1
2 2 2
0 1 1
0 0 1
9 12 17
Al1-DOE-13504

DATA

24

48

14

17
12

4

21
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RINL-CRANBERRA-FH BADGER

vE5eLDJC2120) CRTe(B1-16) 2227 ® xgv

e NI

. . ' .
. N e @ T RCese6e T VEV
Ll=1493 g ;{z 1Nt * 382 CPS = a @ o o8¢
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UC DAVIS BNAPLES 49. 30, 31, 52 - HOLE LGCATION #20 5.10.13. § 20 FEET

TAG MO, = 123 RIHL-CANDERRA-FH BADGER PAGE 1
ADCE 1 LIVE TINE = 4000 TRUE TINE = 4008 20 AUG 84 19237
COLLECTED ATy  $4117423.2 20 AUG 84

ENERGY(KEV)e 0.20994E-04 oCH 2 + 0.34172€00 »CN +0.39208E01

PEAK STATISTICS= 1.00 NIN UIDTH= ¢4 HAX UIBTH= @
AREA DACKGROBND- 3 TERROR= 1.00

188 1B VINBOU- 3.0 KEV 180 I8 LIDRARY= 1

AGE (BAYS)= 0.41073€01 TABLE

ROIS 1 FROM 72.0 KEV T8  81.2 KEV
PEAK AT  74.8 KEV FUHN= 1.3 KEV
INTEGRAL = 730 RATE- 6.1 CP8
AREA= 224 ERRs 20.71

DI-207 AT 73.0 KEV = 0.207352E-03 UC1

ROIS 2 FROM  99.7 KEV TO  74.4 KEV
PEAK AT 93.1 KEV FUHNe 1.0 KEV
INTEGRAL= 431 RATE- 0.1 CPS
AREA= 80 ERRe 42.91

ROIE 3 FROM 103.1 KEV 10 189.4 KEV
PEAK AT 185.8 KEV FUHNe 1.4 KEV
INTEGRAL= 299 RATE= 0.0 CP8
AREAe 43 ERRe 13.01

U-233 AT 185.7 KEV = 0.28198E-04 UCI

ROI® 4 FROM 233.6 KEV T0 242.2 KEV

PEAK AT 238.4 KEV FUHRe 1.3 KEv
TNTEGRAL= 307 RATE- ¢.1CP8
AREA= 208 ERRe 10.81

ROIN 3 FRGM 292.0 KEV 10 299.1 KEV
PEAK AT 295.0 KEV FuHne 7.2 KEV
INTEGRAL» 180 RATE- 0.0 CPS
AREA= 82 ERRe 2.0

LEHR

Legen ’ HH

elei-CRaRioNn P EBLE
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ROIN

ROIN

ROLN

ROIN

13

PP-214 AT 293.2 KEV = 0.73231E18 UCl
FROM 333.4 KEV TO J42.4 KEV
PEAK AT 338.3 KEV FUlite 1.9 KEV
INTEGRAL= 148 RATEe 0.0 CPS
AREA= 78 ERR= 21.71

€8-134 AT J40.4 KEV » 0.94947E-04 VUC1

FROM 349.9 KEV 70 134.0 KEV

PEAK AT 331.4 KEV FUNNe 1.3 KEV
INTEGRAL® 184 RATEe 0.0 CPS
AREA= 116 ERRe 15.92

PB-214 AT 331.9 KEV = 0.49043E18 UCI

FROM 3507.7 KEV 10O 314.2 KEV
PEAK AT S510.4 KEV FiliiNe 2.4 KEV

INTEGRAL= 114 RATEs 0.0 CPS
AREA= 42 ERRs 24.12
NA-22 AT S511,0 KEV » 0,0E00 uc1
C0-34 AT 311.0 KEV = 9Q.0E00 uct
CO-S8 AT S11,0 KEV = 0.0E00 ucl

FRON 379.8 KEV TO 384.9 KEV
PEAK AT 303.2 KEV FUNMN= 1.0 KE
INTEGRAL= 114 RATE= 9.

v
0 Cl
AREA= 102 ERR= 11.71

4]

KR-89 AT 383.8 KEV = 0.99439E-14 UCI

FROM 405.7 KEV TO 414.0 KEV

PEAK AT 460%.1 KEV Fitilis 2.1 KEV
INTEGRALS - 130 RATE= 0.0 CP§
AREA= 114 ERRe 11.42

XE-133 AT 400.2 KEV » 0,2I310E03 UCI
BI-214 AT 409.3 KEV = 0.14104E-24 UC1

FRON 459.3 KEV TO 447.7 KEV

PEAK AT 440.4 KEV FiUli~ 1.1 KEV
INTEGRAL® 43 RATE= 0.¢ Cr8
AREA= 11 ERR= P22 24

RB-89 AT 437.7 XEV = 0,.10083E17 UC)
AG-11QN AT  §37.7 KEV = 0.10474E-04 UC]
C8~137 AT 4&41.6 KEV » 0,11338E-04 UCI

FROM 907.9 KEV TO 913.5 KEV

PEAX AT 911.0 KEV FUlie 4.1 KEV
INTEGRAL= 71  RATEs 0.0 CPS
AREAs 41 ERRw 29.21

FROW 1454.4 KEV TO 1443.4 KEV

PEAK AT 1460.8 KEV FUNNe 4.9 KEV
INTESRAL® 298 RATEs 0.0 CPS
AREA= 172 ERRe 13.9X

-4¢ AT 144Q.8 KEV = 0.34242E-02 OCY

AI-DOE-13504
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CHANNEL 8

122
128
134

139
160

327
320
3346

424
432

328
534

408
s14é

633
640

924
928
934

1039
1044
1972

1107
112
1120

1204
1208
1214

1644
1672

2
272
24680
2488

49
23

43

19
16

135
14

4
28

39

16
13

28
62
37

39

2
19

17
8

N O o @

-

P

-

1ATA

28 2?
a2 48
27
42 37
29 23
32 L))
18
20 62
23 24
9 14
2 ?
9 17
é 4
7 12
é S
18 14
1 1
10 2
1 9
12 é
2 2
1 2
3 S
2 2
0 4
40 39
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4
34

17
23

37

1"

» G

13
32

47
3l

r4
23

23

108

39

-

- &4 - -

13
28

34
2

43
18
23
13

3

17

38

» &

18
12
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UC DAVIS SANPLE 53. 34. 33. 334 HOLE LOCATION 21 (3 IN AND S_Fll HOLE 22(3 IN AND 3 FT) LEHR
)

TAC MO, = 123 RIHL-CANBERRA-FH BADGER PAGE |
ANCR 1 LIVE TINE = 4000 TRUE TINE = 4004 .20 AUG 84 04900
COLLECTED ATy 03136428, 20 AUS 84

ENERGY(KEV)= 0.20994E-06 oCH 2 + 0.54172E00 oCH +0,39208€E01

PEAK BTATISTICS= 1.00 HEN UIBTH= ¢ NAX UIDTH= 8
AREA DACKEROUND» 3 TERROR=  §.00

188 18 UINDQU= 3.0 KEV 100 1D LIDRARY=

ABE (BAYS)=  0.40728E0) TARLE

ROID 1 FRON 72,0 KEV TO  81.2 KEV
PEAN AT 74.7 KEV FUHRe 1.2 KEV - ——
INTEGRAL= 397 RATE- 0.1 CPS
AREA= 183 ERR= 22.71

D1-207 AT 73.0 KEV = 0.14987€-03 UCI

ROI® 2 FRON  89.7 XEV TO  94.4 NEV
PEAK AT  92.9 KEV FUHRe 1.0 KEv
INTEGRALe 337 RATE= 0.0 Cr8
AREA= " 14 ERRe »mnt

ROIB 3 FROM 103.1 KEV TO 187.4 KEV
PEAK AT 184.0 KEV Fitre 0.7 KEV
INTEGRALe 212 RATE- 4.0 CP8
AREA= 36 ERRe 41,02 s gn RIS IO

Vi
1, Vs

$12208 s vvaidand nis [HHRRRTM

U-233 AT 105.7 KEV » 0.24294E-04 UCI '

ROLD 4 FROM 233.4 KEV TD 242.2 XEV

PEAR AT 238.4 KEV FuUNis 1.4 KEY .
INTEORAL= 390 RATE= 0.0 Cr8
AREAs 134 ERRe 18.31

ROI® 3 FROM 292.6 KEV 10 297.1 KEV
PEAK AT 293.0 NEV FuMiie V.4 KEV
INTEGRAL= 133 RATE= 0.0 CPS
AREA= 83 ERR» 20.41

PB-214 AT 293.2 KEV = 0.43217E18 MCI




ROI® 4
rROI 7
rROI® 9
ROID 4
ROI® 7
ROI® 8
ROIO 9
ROI® 10
ROIN 11
ROIS 12

FROM 335.4 KEV TO J42.4 KEV

PEAK AT 338.0 KEV FUHNe 0.7 XEV
INTEGRAL® 115 RATEs 0.0 CP3
AREA= 43 ERR= 335.51

C5-136 AT 340.4 KEV = 0.54747€-04 UC1

FROM 340.9 KEV TO 334.0 KEV

PEAK AT 331.7 KEV Fillils 1.8 KEV
INTEGRAL= 179 RATEs ¢.0 CPS
AREA= 109 ERR= 14,32

Pp-214 AT 351.9 KEV = 0.37820E18 UCI

FRON S07.7 NEV TO S14.2 KEV
PEAK AT 310.7 KEV FUNHs 2.2 KEV

FRON 333.4 KEV TO J42.4 KEV

PEAK AT 3J18.0 KEV FUlNe 0.7 KEV
INTEGRAL= 115 RATE= 0.0 Crs
AREA= 43 EMR= 33,92

CS-134 AT 340.4 KEV = 0,34747€-04 UC1
FRON 340.9 XKEV TO 334.0 KEV
PEAK AT J31.7 KEV FUlNs 1.8 KEV
INTEGRAL= 179 RATE= 0.0 CP8
AREA= 109 ERR= 14.52

PB-214 AT 331.9 KEV = 0,376828E10 vUC!

FRON 507.7 KEV TO 314.2 KEV
PEAK AT 3510.7 KEV Flimte 2.2 KEV

INTEGRAL® 100 RATE= 0.0 CP8
AREA= 48 ERR- 27.12
NA-22 AT S11.0 KEV = 0.0E00 ucl
€0-34 AT S511.0 KEV = 0.0E00 ucl
€0-38 AT S11.0 KEV = 0.0E00 ucl

FRON 379.0 KEV T0 384.% KEV

PEAK AT 383.0 KEV Fitine 1.4 KEV
INTEGRAL= 73 RATE= 0.0 Crs
AREA= 47 ERRs 17.91

KR-09 AT 583.8 KEV « 0.481E-18 UC]

FROM  403.% KEV TO0 414.0 KEV

PEAK AT 409.2 KEV FUliNe 2.2 KEV
INTEORALe 117 RATEs 0.0 Crs
AREA= 101 ERRs 11.82

XE-133 AT 408.2 KEV = 0.20117803 UCI
BI-214 AT 409.3 KEV = 0.68974E-23 UCT

FRON 459.3 KEV T0 447.7 XEV

PEAK AT 441.1 KEV Fitine 0.8 KEV
INTEGRAL= 43 RATE= 0.0 Crs
AREA= 1S ERRe 86.42

C8-137 AT 441.4 KEV = 0,13741E~04 UCI
FRON 907.9 KEV 10 913.3 KEV
PEAK AT 911.1 KEV FUHNe 2.9 KEV

INTEGRAL® 43 RATE= 0.0 CPS
AREA= IS ERRe  31.41
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ROID 13 FROM 1454.4 KEV 7O 1443.4 KEV
PEAK AT 1440.9 KEV FUHNe

234 RATEe
144 ERRe

CHANNEL @

122
129
134

133
140

127
328
134

424
432

328
334

408
e

433
40

924
128
34

1059
1044
1072

1107
112
120

1204
1200
1214

1464
1422

26N
272
2480
2488

INTEGRAL=
AREA=

K-40

(1]
19

33

3]
1"

14
10

~

[ ]

-

AT 1440.8 KEV »

23
18

32

P -
[T N 3 - -

[T X 3 [ ) a@ e

-~

N

berd ~
~ o

-~ ~N

18
53
20

29

- A

DATA
29 2
m a3
32
3 32
22 20
17 38
15
" “
2 13
' 1%
2 ?
4 12
3 s
] 13
2 ?
1 12
¢ 2
? s
0 2
1 4
s 4
1 3
4 s
| 1
1 s
34 7
AI-DOE-13504

3.4 KEV

0.0 Cr8

14.41

249

0.27083E-02 UC1

10
33

20
U

23

77

1]

1"
24

N -

“ 9

48
23

19
t3

cu Y

~ o

10
24

3
23

28
22
12
1}

30

42
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UC DAVIS SANPLES 37. 38. 39. 40. &1 -- HOLE SAMPLELOCATION 23 A 1 SFT. AND 10 FT 1 HOLE 24 3 * 8 S FT LEHR

TAG MO, = 123 RIHL-CANBERRA-FH DADGER PAGE 1
ADCE 1 LIVE TINE = 10000 TRUE TINE = 10014 20 AUG B4 02142
COLLECTED ATt 00117049, 20 AU N4 .

ENERGY(KEV)® 0.20994E-04 +CN"2 + 0.34172E00 »CH +0.39208E01

PEAK DIATISTICE. 1.00 NIN UIDTHe & HAX UIDTN=- @
AREA DACKEROUNS= 3 TERROR= 1.00

150 1D uINBOU= 3.0 kY 180 1D LIBRARY= |

ASE (BAYS)= O 3J941EN TABLE

ROI® 7 FROM 72,0 KEV 70  @1.2 KEV
PEAK AT 77.1 KEV FUline 1.3 KEV
INTEGRAL= 2013 RATE= 0.2 Crs
AREA= 303 ERRe 135.1

D1-207 AT 73.0 KEV = 0.10473E-03 UCI

ROIS 2 FROM  99.9 NEV 10 94.4 XEV T ! -
PEAK AT 92,7 KEV FiHNe 1.3 KEV
INTEGRAL = 1102 RATE» 0.1 Crs
AREA= 148 "ERR= 33.12

" e,
Shareen

LI TRETY v 4.

ROIS 3 FROM 103.1 KEV TQ 189.4 KEV
PEAK AT 104.0 KEV FUHN» 1.3 KEV
INTEGRAL= 774 RATE= 6.0 Cr8
AREA= 170 ERR= 3.1

$-233 AT 103.7 KEV = 0.JOBGSE-04 ¥C]

ROIS 4 FRON 233.4 KEV 10 242.2 KEV
PEAK AT 238.7 KEV FuMMes 1.2 KEV
INTEGRAL = 1449 RATE= 0.1 CPS ey
AREA= 713 ERRe .4 e

.

ROID 3 FROM 292.0 KEV 10 299.1 KEV
PEAK AT 293.3 KEV FiHNe 1.4 KEV
INTEGRAL» 313 RATE- 0.0 CPS
AREA= 247 ERR= 13.21

PR-214 AT 293.2 KEV = 0.10014E1¢ UC]



ROIA

ROTQ

ROIM

ROIN

12

13

FROM 335.4 KEV T0 342.4 XEV

PEAK AT 138.4 KEV FUHNe 1.0 KEV
INTEGRAL® 400 RATEs 0.0 CPS
AREA= 134 ERRe 23.11

CS-136 AT J40.4 KEV = 0.44480E-04

FRON 348.9 KEV T0 334.0 KEV

PEAK AT 332.0 KEV FUHNs 1.7 KEV
INTEGRAL® S78 RATE» 0.0 CPS
AREA= 348 ERRe 8.41

PD-214 AT 331.9 KEV = 0.17880E14

FRON 307.7 KEV 70 $14.2 XKEV

PEAK AT 310.7 KEV FUNNe 1.8 KEV
INTEORAL= 267 RATEs 0.0 CPS
AREAe 111 ERRs 21.42

NA=22 AT S11.0 KEV = 0.0E00
C0-36 AT S11.0 KEV = Q.0E00
CO-38 AT $S11.0 KEV = 9,000

FRON S579.0 KEV T0 9304.9 KEV

PEAK AT 383.1 KEV FuUlNs 2.0 KEV
INTEGRAL® 337 RAlE= 0.0 CPS
AREAs 217 ERR= 7.41

KR-89 AT 383.8 KEV = 0.14014E-30

FRON 403.9 KEV TO 414.0 KEV

PEAK AT 609.4 KEV FUiNe 2.1 KEV
INTEGRALS 404 RATEs 0.0 CPO
AREAS 242 ERRe 10.41

XE-133 AT 400.2 KEV = 0.13803E03
81-214 AT 409.3 KEV = 0.335278E-20

FROM 439.3 KEV TO 447.7 KEV

PEAK AT 442.1 KEV FuUHN= 1.7 KEV
INTEGRAL= 199 RATEe 0.0 Cr8
AREA= 33 ERrR= 43.41

C8-137 AT 441.4 KEV = 0.23117E-04

FRON 907.% KEV TO 913.3 KEv

PEAK AT 911.1 KEV FUlNe 2.8 KEV
INTEGRALe 218 RATE= 0.0 Crs
AREA= 143 ERR= 3.7

FRON 1434.4 KEV T0 1463.4 KEV

PEAK AT 1461.2 KEV Flline 4.2 KEV
INTEGRAL 499 RATEs 0.0 Cr8
AREA= 105 ERR= 46.41

K-40 AT 1460.8 KEV =  0.03444E-03
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yCl
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CHANMEL @

122
128
134

133
140

327
328
134

424
432

320
334

408
e

633
(11 ]

924
20
34

1039
1044
1072

1107
1112
1120

159
3¢

3

44

4
42

23
36

20
(3

L]

30
12

1"
78

122

42

41

43
1

24
20

14
13

19
2?

13
14

1)

134
1"

4
144
98

37
74

21
23

1

9
20

23
13

73

24
10

DATA

Y 7]
230 192
3
19 92
4 7
77 1
3
“oo20
72 7
16 3
1 "
L 37
27 19
10 2]
10 n
10 2
s 12
13 135
0 ¢
2 2
AI-DOE-13504
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1 1]
109

[} ]
47

300

4
23

L} ]
19

43
13

37

10
17

122
3]

3
11

o

367

106

74

1ne
14

18

198
34

19

40

44

164

10

47

129

13
21



UC DAVIS SAMPLES 42. 43. 84. 485. 344 HOLE LOCATIONS 24 -33 328 24 TIP -2?6 IN 35 FT- 26/9 IN 35 FT LEHR

TAG NG, » 123 RIML-CANBERRA-FN DABGER PAGE !
ADCE 1 LIVE TINE = 2000 TRUE TINE = 2001 19 AUG 84 22234
COLLECTED AT: 21139:03.3 19 AUG 84

EMERGY(KEV)® 0.20994E-04 oCH“2 + 0.34172E00 «CH +0.39208E01

PEAK STATISTICSs 1.00 NIN WIDTH= & BAX UIDTH= @
AREA BACKGROUND= 3 IERROR= 1.00
150 10 UINDGUs 3.0 KEV 180 ID LIBRARY= 1
AGE (DAYS)e  0.S8444E0! TABLE 1
ROI® 1 FROM 72,0 KEV TO  78.3 KEV
PEAK AT 77.2 KEV FUlNe 1.2 XEV
INTEGRAL® 310 RATE= «1 CP§
AREA= 43 ERRe 44.01

§1-207 AT  75.0 KEV = 0.11349E-03 UCI

ROIN 2 FROM 83.4 XEV 70  89.% KEV
PEAK AT  87.7 KEV FuUHNs 0.7 KEV
INTEORAL= 213 RATE= ¢.1 Cr8

AREA= 20 ERR= P2 D04

CD-10% AT 88,0 KEV = 0.30183E-03 UCI
BI-207 AT Q4.8 KEV « 0.691E-04 UCI
NP-237 AT @84.3 KEV = 0.93823E-04 UCI

ROI® 3 FROM 182.5 KEV TO 189.0 KEV
PEAK AT 183.4 XEV FUNNs 0.9 KEV
INTEGRAL= 160 RATEs 0.0 CPS
AREA= 34 ERR= 131.91

U-233 AT 105.7 KEV = 0.48300E-04 UCI

ROIN 4 FROM 233.1 KEV TO 241.4 KEV
PEAK AT 238.8 KEV Fibie 1.4 KEV
INTEBRAL= 231 RATE= 0.1 Crs
AMREA= 127 ERRe 16.31

ROIN 5 FRON 290.9 KEV 10 297.4 KEV
PEAK AT 295.4 KEV FUNNe 1.3 NEV
INTEGRAL= 78 RATEs ¢.0 Cry
AREA= 26 ERRe 30.02

PB-214 AT 293.2 KEV = 0.24203E14 UCI
ROI® & FROM 348.9 KEV TO 333.4 KEV
PEAX AT 392.0 XEV FuMie 1.0 KEV
INTECRAL® 122 RATE= 0.0 CPs
AREA= 83 ERRe 16.8X

PR-214 AT J331.7 KEV = 0.33731E14 UCI
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RO1® 7

RGI 8

ROIN 9

ROI® 10

CHANNEL 0

122
120

143
144
132

324
320
334

423
424
432

FRON 507.2 XEV TO 3!13.7 KEV
PEAK AT 510.2 KEV FUHNe 2.7 KEv

INTEGRAL= 49 RATEs 9.0 CPS
AREA= 43 ERRe 23.91
NA=22 AT 511.0 KEV = 0.0E00 ucl
C0-34 AT 3511.0 KEV = 0.0£00 ¥Cl
C0-38 AT S11.0 KEV = 0.0E00 ucl

FRON 406.4 KEV 70 412.9 XEV

PEAK AT 409.7 KEV FUHNe 1.3 KEV
INTEGRAL= 70 RATEs 0.0 CPS
AREA= 44 ERRe 23.01

XE-135 AT 400.2 KEV & 0.1)124E03 UC1
PI-214 AT 409.3 KEV = 0.2338%E-30 UCI

FRON 907.4 KEV T0 913.9 KEV

PEAK AT 911.5 KEV FUlilte 1.0 XEV
INTEGRAL® 43 RATEs 0.0 Crs
AREA= J2 ERRe 25.01

FROM 1434.5 KEV TO 1443.0 KEV

PEAK AT 1441.1 KEV Fulne 4.3 KEV
INTEGRAL® 174 RATE» 0.0 Crs
AREA= 174 ERR= 7.31

K-40 AT 1440.8 KEV = ¢.70118E-02 UC]

PATA

14 1”7 19
18 2 1" “ 33
" 1 13 13 20
1% 1 1 10
? ? 1" 20 29
' " 1
4 7 . ? 14
14

AI-DOE-13504
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UC DAVIS SAMPLES 47.48.469.70.871 HOLE SAMPLE 2?{ IN T0 20 FT LEHR
TAG NO, = 123 RIHL-CANBERRA-FH DADGER PAGE" 1
ADCR 1 LIVE TINE = 10000 TRUE TINE = 10018 19 AUG 04 19332
COLLECTED AT  035112443.1 19 AUG 64

ENERGY(KEV)= 0,27046E-07 #CH"2 + 0.34313E00 oCh +0.41037E01

PEAK STATISTICS= 1.00 NIN UIDTHs ¢ NAX UIDTH= @
AREA JACKGROUND= 3 1ERROR=  1.00

1S0 ID UINDOUs 3.0 KEV 1S0 1D LIDRARYs 1

AGE (DAYS)= 0.31438E01 TABLE 1

ROID t FROM  35.4 KEV 70  463.2 KEV
PEAK AT  57.46 KEV FuHis 2.0 KEV
INTEGRAL= 1009 RATEe 0.1 CPS
AREA= 44 ERRs 90.462

TA-182 AT 38.0 KEV = 0.14143E-03 UCI
AN=241 AT  59.3 KEV = 0.J3241E-04 UCI

ROIO 2 FROM 73.3 KEV TO  79.3 KEV
PEAK AT  77.3 KEV FUHNe 1.3 KEV
INTEGRAL= 1508 RATEs 0.1 CPS
AREAs 440 ERR= 13.42

I-131 AT 80.2 KEV = 0.30339E-02 UCI
81-207 AT 73.0 KEV = 0.1816E-03 UCI

ROIS 3 FROM  89.0 KEV TO  ¥4.3 KEV
PEAK AT  93.1 KEV FUline 1.4 KEV
INTEGRAL= 1103 RATE= 0.1 Crs
AREA= 180 ERR= 30.92

ROIS 4 FRON 234.8 KEV 70 242.4 KEV
PEAK AT 239.5 KEV FiiilNe 1.3 KEV
INTEGRAL= 1391 RATEs 0.1 CPs
AREA= 716 ERR= 7.43

PB-214 AT 241.% KEV = 0.14112E04 UCI

ROID 3 FROM 293.0 XKEV TO 297.S3 KEV
PEAK AT  294.2 KEV FUHs 1.5 KEV
INTEGRAL= 438 RATEs 0.0 CPS
AREA= 237 ERRs 12.62

PR-214 AT 293.2 KEV = 0.23888803 UCI
ROIE & FROM 340.7 XKEV TO J34.3 KEV
PEAX AT 333.0 KEV FUNNe 1.4 XEV
INTEGRAL= S24 RATEe 0.0 Crs
AREA= 344 ERRe 7.0
PP-214 AT J351.9 NEV = 0,2311E03 UCI

ROIO 7 FROW 308.1 KEV TO 310.9 KEV
PEAK AT S12.1 KEV FUHNe 2.1 KEV

INTEGRAL= 333 RATE= 0.0 Cr8
AREA= 123 ERR= 24,01
NA-22 AT S511.0 KEV = 0.0E00 ucI
C0-54 AT S11.0 KEV = 0.0E0Q ucl
C0-38 AT 311,0 KEV = 0.0E00 ucl

SR=GF AT 314.0 KEV = 0.41147E-04 UC1
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ROIN

ROLN

ROTA

RO1R

ROIB

12

FROM $79.8 KEV TO 9589.0 KEV

PEAK AT 3584.8 KEV FUHNs 2.3 KV
INTEGRAL® 371 RATEs 0.0 CP8
AREAs 281 ERRe 8.81

KR-89 AT 9S63.8 KEV = 0.J0322E07 UCl

FROM 404.4 KEV TO 413.4 KEV

PEAK AT 410.8 KEV Fulie 1.4 KEV
INTEGRALe 341 RATEe 0.0 Crs
AREAs 233 ERR= 11.42

XE-133 AT 408.2 KEV = 0.JJOJIE02 UC]
81-214 AT 09,3 KEV = 0.176E32 ucl

FROM 438,53 KEV T0 447.8 KEV

PEAK AT 442.6 KEV Fulis 0.9 KEV

INTEGRAL® 157 RATEe 0.0 Crs

AREA= 4% ERRs 4.9
C8-137 AT 441.4 KEV = 0,20394E-04 UCI

FROM 908.4 KEV TO 914.9 NEV

PEAR AT 913,64 KEV FiiMe 1.4 KEV
INTEGRAL® 194 RATEs 0.0 Crs
AREA= 0 ERRs 0.0

FRON 1434.0 KEV TO 3444.7 KEV
PEAR AT 1442.3 KEV FiliNe 0.3 KEV

INTEGRALe 381 RATE= 0.0 CP8
AREA= 0 ERRe 0.0
K~40 AT 1440.8 KEV = 0.0E00 uel

Davis: A& Hel e

19 aug s
- ax

2219 7 wev

LC=1834 7 xrv
0o
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UC DAVIS SANPLES 34. 75. 74. 78.77 HOLE LOCATION 289 SURFAGE 10 20 FEET IN 3 FT INCRIN. LEHR

TAO NG, = 123 RIHL-CANDERRA-FH DADGER PAGE 1
ADCE 1 LIVE TINE = 10000 TRUE TINE » 10023 1Y AUC 84 04143
COLLECTED ATy 22022043.4 17 A48 04

ENEROY(KEV)s 0.27048E-07 <CH"2 ¢ 0.34313E00 oCN +0.41837€01

PEAK STATISVICE 1.80 NIN UIDTHs & MAR UIDTH= @
AREA SACKIROUND- 3 IERRORe  1.00

180 19 UINDOU= 3.0 KEV 180 1D LIDRARYs |

ABE (BAYR)=  O0.JB411EM TARLE

ROIN 1 FRON  95.4 KEV 70 43.2 KEV
PEAN AT 3>)55) KEV FiMMe= §37.0 KEV
INTEGRAL® 744 RATE= 0.0 CPS
AREAs 44 ERRe »nk

ROI® 2 FROM 73.3 KEV TO  79.3 KEV
PEM AT 77.4 KEVY FiiNe t.1 KEV
INTEGRAL® 1414  RATEe 6.1 CPs
AREA= 340 ERRe 14.31
R 1 A |
l"" .' ..02 K" L] 0.2222|E-02 Ml R N TR R NN S LR TRET 1] B
BI-207 AT  73.0 KEV = 4.13221E-03 W)

e

ROIR 3 FROM  99.0 NEV 10 94.3 KEV
PEAK AT  93.3 KEV FiiNe 1.4 KeV
INTEGRAL® 1040  RATE- 0.1 CP8
AMEA= 156 ERR= . 34.42

ROIA 4 FRON 234.0 KEV TO 242.4 KEV
PEAK AT 239.3 KEV FHNe 1.4 KEV . R
INTEGRALe 1260 RATE= 0.1 CPB temegn
AREA= 620 ERRe L7

PO-214 AT 240.% KEV = 0.23399E-17 UC)

ROIA 3 FROW 293.0 XEV TO 299.3 KEV
PEAR AT 294.2 KEV FUHNe 1.2 KEV
INTEORAL = 437 RATEe 0.0 CPS
AREA= 223 [ERRe 13.91



ROID 6

rROIO 7

ROI§ 8

ROIO 9

ROI8 10

ROIO 11

ROIO 12

CHANNEL ¢

"
16
104

124
120

PB-214 AT 295.2 KEV = 0,.37497E-18
FROW 348.9 KEV T0 354.3 KEV

PEAK AT 353.1 KEV FUHNs 1.4 KEV
INTEGRAL 527 RATEe 0.0 CPS
AREA= 347 ERRs 8.91

PA-133 AT 354.0 KEV = Q.10040E-03
PD-214 AT 331.9 KEV = 0,.37094E-18

FRON 300.1 KEV TO S516.9 KEV .
PEAK AT 512.2 KEV FulNe 2.1 XEV

INTEGRAL= 344 RATE= 0.0 CP§

AREAs 199 ERRs 14,351
NA-22 AT 311.0 KEV = 0,0E00
C0-36 AT S11.0 KEV = 0.0E00
C0-358 AT $11.0 KEV = 0Q.0E00
8R=85 AT 314.0 KEV = 0.43442E-04

FRON S79.0 KEV TO 3509.0 KEV

PEAK AT 384.8 KEV FiHie 1.2 KEV
INTEGRAL® 330 RATE= 0.0 Cr8
AREA= 232 ERRe 11.62

KR-8? AT 383.8 KEV = 0.12443E-14

FROW 404.4 KEV 10 415.4 KEV

PEAX AT 610.9 REV File 1.8 KEV
INTEGRAL= 341 RATE= 0.0 Cre
AREA= 233 ERRe 1.4

XE-133 AT 408.2 KEV = 0.31403E01
BI-214 AT 409.3 KEV = 0,18444E04

FRON 630.3 KEV 10 447.8 KEV

PEAK AT 443.0 KEV Fumme 2.4 KEV
INTEGRAL= 130 RATEs 0.0 Crs
AREA= é ERRe N2

03=126 AT 446.2 KEV = 0.24403E~03
C8-137 AT 441.4 KEV = 0.252136-0S5

FROW 908.4 KEV T0 914.9 KEV

PEAK AT 913.4 KEV Fumte 1.7 KEV
INTEGRAL® 199 RATE= 0.0 CPS
AREAe 0 ERR= 0,02
FRON 1434.0 KEV 70 1444.7 KEV
PEAK AT 33)2>) KEV FUMNe 442.4 KEV
INTEGRAL® 491 RATE= 0.0 CPS
astas 0 ERRe 0.0
BATA
s4 4
6 53 o ‘s Y
4 "
"
121
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uc1
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192
y0sel-300-1V

UC BAVIO SAMPLE 873 HOLE LGCATION 20A ADOUT 4 INCHES I/Z/d]

TAG M0, = 123 RINL-CANDERRA-FH DADGER PAGE |
ADCE t LIVE TINE = 2000 TRUE TINE = 2002 17 AUG B4 18129
COLLECTED ATy 04022040.2 17 AUD 04

ENERBY(KEV)® 0.270ABE-07 oCN-2 + 0.34313E00 oCH +0.41037E01

PEAK STATISTICS~ 1.00 NIN WIDTHs 4 HAX UIDTH= B
AREA DACKORGUND» 3 AERROR=  1.00

180 1D WINDON- J.OKEV - 180 10 LIDRARY=

ABE (BAYS)e Q.31111E0Y TABLE 1

ROIN 1 FROM  73.0 KEV TO  79.3 KEV ,
PEAN AT 74.1 KEV FiiNe 0.8 KEV
INTEGRAL= 122 RATE- 0.0 Cr8
AREAS 31 ERR= 34,02

1-207 AT 73.0 KEV = 0.54721E-04 UC]

ROIS 2 FRGN  ©9.8 KEV 10 96.3 REV —— —— —-
PEAX AT 92,3 KEV FUMNs 0.8 KEV Davis 13 Hlc 2t ¢
INTEORAL = 00 RATEs 0.0 CPS
MEAs 2 ERR=s X

LI Y Y TT Y T T PR Py RO
SRR T

tie EL AN FRRY 33 LRI AT N

ROI® 3 FROM 234.8 KEV T® 242.4 REV
PEAK AT  239.4 KEV Fiie 2.1 KEV
INTEORAL= 110 RATE- 0.0 CP8
AREA~ 0 ERRe 32.0%

PP-214 AT 241.9 KEV = §.70251E-30 UCI

ROIA 4 FRON 293.0 KEV TO 299.3 KEV
PEAK AT 293.7 KEV Fulns 1.4 KEV
INTEGRAL= 30 RATE- 0.0 Cre
AREA= 24 ERRe 41.63

v

HIE ) Vr.'-n.u‘v”[-

(ISP T [P
[N

PB-214 AT 293.2 KEV = 0.13104E-30 UC]

ROI® 5 FROW 348.7 KEV TO 334.3 KEV LT
PEAK AT 331.7 KEV Filine 1.1 KEV
INTEGRAL= 32 RATE- 9.0 Cr8
AREA= 32 ERRe 13.42

PD-214 AT 351.9 KEV = 0.21812€-30 UCI



ROIN

10

FRON 3508.1 KEV T0 314.7 KEV
PEAK AT 310.7 KEV Fllilie 0.7 KEV

INTEGRAL= 30 RATE= 0.0 Cr8
AREA= 13 ERR= .32
NA-22 AT 311.0 XEV = 0.0E00 ucl
CO-36 AT S11.0 KEV = 0.0E00 uct
CO-38 AT 311.0 KEV = 0.0E00 uct

FROW 379.9 KEV T0 388.4 KEV

PEAK AT 383.4 KEV Fubii= 143 KEV
INTEGRALe 24 RATE= 0.0 CPS
AREAs 26 ERR= 19.22

KR-87 AT 383.8 KEV = 0.27449E37 UCl

FROM §04.4 KEV TO 4612.9 KEV

PEAK AT $09.3 KEV Filine 2.7 KEV
INTEGRAL® 31 RATEe 0.0 Cre
AREAs 31 ERRs 16.12

XE-133 AT $08.2 KEV = 0.32433E00 UCI
BI-214 AT 4$09.3 KEV = 0,.54313E-13 (1

FROM 453.3 KEV TO 447.9 KEV

PEAK AT 461.8 KEV FUMN= 1.2 KEV
INTEORAL= 23 RATE= 0.0 Crs
AREAe 23 ERRe 20.01

CE8-137 AT 441.4 KEV = 0.52328£-04 C1

FRON 908.4 KEV TO 914.9 KEV

PEM AT 911.1 KEV FUHMe 0.7 KEV
INTEGRAL» 17 RATEe 0.0 Cr8
Mip= 17 ERRe 23.33

FRON 1434.0 KEV TO 1444.7 KEV

PEAK AT 1440.9 KEV FiliNe 2.3 KEV
INTEGRAL® 34 RATE= 9.0 Cre
MEas 34 ERRe 12.92

K-40 AT 1460.0 KEV = 0.21313%-02 C1
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UC DAVIS SAMPLE 72 HOLE LOCATION 28 &INCHES DEEP (UNDER GRAVEL) 0/2/94
<:
TAG N0, ® 123 RIHL-CANDERRA-FH BABGER PASE 1

ADCE 1 LIVE TINE » 2000 TRUE TINE = 2002 17 AUD 84 04413
COLLECTED AT1 03134:131.3 17 AUD 04

ENERGY(KEV)® 0.27048E-07 <CN“2 + 0.5431JEDQ oCN +0.41037E01

PEAK STATISTICS= 1.00 KIN UIDTH= 4 MAX UIBTH= 8
AREA BACKGROUND» 3 IERROR= 1.00

1S0 1D UINDOUs 3.0 KEV 180 1D LIDRARY» 1

ABE (DAYS)s 0.J0772E01 TARLE §

ROI® 1 FROM  73.0 KEV T0  79.5 KEV
PEAK AT 74.8 KEV FUHN= 1.6 KEV
INTEGRAL= 129 RATE= 0.0 CPs
AREAe 51 ERRs 331.32

31-207 AT 73.0 KEV = 0.93643E-04 UCI

ROI® 2 FROM  09.8 KEV T0  96.3 KEV
PEAK AT 92,3 KEV Fulins 1.6 KEV
INTEGRAL® 106 RATEs 0.0 Cr8
AREA= 20 ERRe 57.13

ROI® 3 FROW 234.8 KEV TO 242.4 KEV
PEAK AT 238.4 KEV FUlile, 1.2 X
INTEGRAL= 111 RATE= 9.0
AMREAs o1 ERRe 14.0

ROI0 4 FROW 293.0 KEV TO 299.3 KEV
PEAK AT 293.5 KEV FUlie 1.9 KEV
INTEGRAL= 19 RATEs 0.0 Cr8
AREAs 26 ERR= .72

PB-214 AT 293.2 XKEV = 0.49047E-31 UC1

ROI® 3 FRON 340.9 KEV T0 1334.3 KEV
PEAK AT 332.2 KEV FUlils 2.7 Kev
INTEBRALe 47 RATEe 0.0 CrS
MREAs 32 ERR= 28.11

PB=214 AT 331.% KEV = 0.4009€-31 UCI1

ROIO & FRON 308.1 KEV 70 $14.7 KEV
PEAK AT 33335 KEV Fume 301.7 KEV ’
INTEORAL= 33 MATEs 0.0 CPS h
MEAs 16 Em=  34.21

ROIS 7 FRON $79.8 KEV 70 388.4 KEV ‘
PEAX AT S03.5 KEV FUMe 1.5 KEv
INTEGRAL® 25 RATEs 0.0 CPS
AREde S B 01

KR=8Y AT 3835.0 KEV = 0.34793E32 uCI
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ROI® 8

ROI® 9

ROI® 10

ROI® 1

CHAMNNEL 8

123
120

134
160

21
424
432

328
S

431
432
640

24
128
34

1034
1064
1072

1108
112

1193
1200
1208
1214

1641
16441

FROM 406.4 KEV TO 412.9 KEV

PEAK AT 407.3 KEV FUNNs 2.3 KEV
INTEGRAL= 32 RATEs 0.0 CP8
AREA® 19 ERR= 34.81

XE-135 AT 408.2 KEV = 0.30312E00 UCI
BI-214 AT 409.3 KEV = 0.49874E-14 UCI

FROM  453.3 KEV TD 4467.8 KEV

PEAK AT $39.7 KEV FUHNs 4.2 KEV
INTEGRAL® 16 RATEs 0.0 CPs
AREA® 14 ERRe 23.01

RD-8? AT 437.7 XEV = 0.13444E08 UCI
AS-110M AT §57.7 XEV = 0.30218E-04 ¥CI
C$-137 AT 461.6 XEV & 0.3J418E-04 UCI

FROM 908.4 XEV T0 914.9 KEV

PEAK AT  910.1 KEV FUNN= 0.4 KEV
INTEGRAL® 22 RATE= 0.0 Crs
AREAs 9 ERRs 77.71

FRON 1454.0 KEV TD 1444.7 KEV

PEAK AT 1441.4 KEV FUHNs 1.9 KEV
INTEGRAL= 34 RATEs 0.0 Crs
AREA= 34 ERRe 12.91

K-40 AT 1440.9 XEV = 0.21313E-02 UCI

JATA
7 9 12
7 12 17 18 7 )
s 5 4 10
1" 10 1 0 9 4
1
2 1 1" n 17
5 1 2
2 2 1 A 7 1’
1 2 2 2 2
0 3 2 4 ¢
2 ° 0 3 1 1
. )
3 2 s A 1 3
0 1 1 0 1
1 1 1 2 0 1
1 1 0 0 ) )
2
1 0 2 1 7
] 1 1 1 0 2
) 0 1
0 ) 1 1 2 2
1 1 1 1 1 0
0 ° 2
2
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UC DAVIS SANPLES 0879 AND 00 HOLE LOCATION 829 4 INCMES AND 3 FEET 8/2/04 LEHR

TAG NO. = 123 RINL-CANDERRA-FH BADGER PAGE 1
ADCY LIVE TIRE » 2000 TRUE TIME = 2000 17 MUG B4 0313
COLLECTED ATs 02:49134.9 17 AUO 84

ENERGY(KEV)®  0.27048E~07 oCN-2 + 0.34313E00 oCN +0.41037E01

PEAK BTATISTICSs 1.00 HIN UIDTH= ¢ HAX VIDTH= @
AREA BACKGROUNDe ] IERROR= 1.00

180 19 WINDOU= 3.0 XEY 180 1D LIDRARYs 1

AGE (DAYS)=  0.J0444E01 TARLE 1

ROI® 1t FROM 73.0 KEV TO  79.3 KEV

PEAK AT 74.7 KEV FiHiN= 1.4 KEV
INTEORAL= 107 RATEs 0.0 Cr8
AREA= 27 ERRe 33.1%

DI-207 AT 73.0 KEV = 0,.33249€-04 UC1

ROID 2 FROW 87.8 KEV 70  94.3 KEV
PEAK AT >)>»>> KEV FUlin= 82,2 KEV
INTEGRAL= 86 RATE= 0.0 Crs
AREA= 8 ERRe p2222

ROIS 3 FRON 234.0 KEV TO 242.4 XEV

PEAK AT 230.9 KEV Fulns 1.2 KEV
INTEGRAL= 112 RATE= 0.6 CPS
AREA= 37 ERRw 443.17

ROID 4 FRON 293.0 KEV 10 299.3 KEV

PEAK AT 293.5 KEV FUltle 1.4 KEV
INTEGRAL= 43 RATE- 0.0 Cr8
AREAs 19 ERRe 32.41

PD-214 AT 293.2 KEV = 0.10723E-31 UCl

ROI§ 3 FRON J40.9 KEV 10 334.3 KEV
PEAK AT 331.9 XEV Fiuli= 2,2 KEV
INTEGRAL= 39 RATE. 0.0 Cr8
AREA= 24 ERRe 3.3t

PO-214 AT 351,97 KEV = 0.M294E-32 UC)

ROID & FRON 508.) NEV T8 3514.7 XEV
PEAK AT 511.0 KEV Fuine 3.8 KEV

INTEGRAL® 41 RATEe 9.0 Crs
AREAs 24 ERRe 7.52
NA=22 AT 311.0 KEV » 0.0E00 ucl
CO-36 AT 311.0 KEV = 0.0£00 [ 31
Co-30 AT 311.0 KEV = 0.0£00 ucl

ROID 7 FRON $79.8 KEV 70 S08.4 KEV
PEAK AT 383.1 KEV FuUlne 2.7 KEV

INTESRALS 34 RATEs 0.0 CPS
AREAS 17 ERR= 52,93
AI-DOE-13504
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KR-89 AT 383.8 XKEV = 0.23331E28 UCI

ROIN 8 FROM 406.4 KEV TD 412.9 KEV
PEAK AT  607.3 KEV Fuline 1.6 KEV
INTEGRAL® 15 RATE~ 0.0 CPS
AREA= 22 ERRe 34.31

XE-135 AT 408.2 XEV » 0,.3303E00 UCI
D1-214 AT 409.3 XKEV = 0,.1339E-14 VCI

ROIS 9 FROM 433.3 KEV TO 447.8 KEV

PEAK AT 441.8 KEV FuUlNe 1.4 KEV
INTEGRALe 23 RATEs 9.0 CPS
AREA= 23 ERR= 20.02

C8-137 AT 461.4 KEV = 0.32328E-04 UCI

ROIN 10 FROM 908.4 KEV T0 914.9 KEV
PEAK AT  911,0 KEV FUlle 4.7 XEV
INTEGRAL= 14 RATEs 0.0 CP8
AREA» 16 ERR= 23.02

ROIS 11 FROM 1434.0 KEV TO 1444.7 KEV

PEAK AT 1440.8 KEV FUliNe J.4 KEV
INTESRALS 33 RATEe 0.0 Cr8
AREA= 35 ERR= 12.71
K=40 »
AI-DOE-13504
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UC DAVIS SAMPLES 84 AND O3 HOLE LOCATION §30 & INCHES AND S FEET 8/2/04 LEHR

TAG NO. » 123 RIHL-CANBERRA-FH DADGER PAGE 1
ADCH 1 LIVE TINE = 2000 TRUE TINE = 2004 17 AUD 84 02104
COLLECTED ATs 013126149.1 17 AUG 84

ENERGY(KEV)= 0,27048E-07 *CN°2 + 0.54313E00 'CN‘OO.‘llJ7E°l

PEAK STATISTICS= 1,00 MM VIBTH= 4 ' NAX UIDTHs @

AREA DACKGROUND» 3 IERROR= 1,00

180 1B VINBOU= 3.0 KEV 180 1D LIDRARY= 1

AGE (DAYS)s 0.29889E01 TABLE 1

ROIN 1 FROW 73.0 KEV TO  79.5 KEV
PEAK AT 77.2 KEV FUiNs 1.0 KE
INTEBRAL= 111 RATEe 0.9
AREAs 20 ERR= 83.01

v
crs

B1-207 AT 73.0 KEV = 0.34723E-04 UCI

ROI® 2 FROM 89.8 XKEV 10  94.3 KEV
PEAK AT  93.8 KEV FUhi= 2.7 KEV
INTEGRAL= B89 RATEe 0.0 Crs
AREA= 24 ERR= 42.51

RGI& 3 FRON 234.8 KEV TO 242.4 KEV
PEAK AT 238.7 KEV FUNN= 1.3 KEV
INTEGRAL= 104 RATEs 0.0 Cr8
AREA= 61 ERRe 2.2

ROIE 4 FROM 293.0 KEV 70O 299.3 KEV
PEAK AT 293.7 KEV Fulie 1.4 KEV
INTEGRALe 44 RATE. 0.0 Crs
AREAs 31 ERRe 23.81

PI-214 AT 293.2 KEV = 0.20393E-32 UCI
ROIE 5 FROM 348.9 KEV 70 354.5 KEV
PEAK AT 332.4 KEV FukNe 1.9 KEV
INTEORAL® A6 RATEs 0.0 CPS
 AREAs 3 Emme 29,01
PB-214 AT 3319 KEV = 0.13723E-32 UCI

ROIE 4 FROM 3508.%1 KEV TO 3514.7 KEV
PEAK AT 511.4 KEV FlliRe 1.4 KEV

INTEGRAL® 38 RATEe 0.0 Crs
MEA= 38 ERRs 13.77
Na-22 AT S11.0 KEV = 0,.0E00 uc1
€0-34 AT 511.0 KEV = 0.0E00 uc1
CO-30 AT 3511.0 KEV = 0,0£00 el

SR-83 AT 3514.0 KEV » 0.4211E-04 UCI

ROI& 7 FROW $79.8 KEV 70 389.4 KEV
PEAK AT 384.1 KEV FUNNe 2.1 KV
INTESRAL® 23 RATEe 0.0 Crs
AREAs é ERRe 132

KR-89 AT 385.8 KEV = 0.12438E20 UuCl
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ROI® 8 FROM 404.4 KEV TO 412.9 XEV
PEAK AT 407.8 KEV FUlMa 1.3 KEV
INTEBRAL= 38 RATEe 0.0 Cr8
AREAs 38 ERR= 13.71

XE-133 AT 408.2 KEV = 0.351382E00 UCI
BI-214 AT 409.3 KEV = 0.1309€-13 UC1

ROI® 7 FROM 433.3 KEV TO 447.8 KEV
PEAK AT 438.1 KEV Fulin= 0.8 KEV
INTEGRAL® 14 RATEe 0.0 Cr8
AREA= 14 ERRs 21.41

R)-8Y AT 437.7 KEV = 0.33972€03 VC1
AB-110M AT 437.7 KEV = 0.24434E-04 UC1

ROID 10 FRON 90B.4 KEV 7O 914.9 KEV
PEAK AT  911.7 KEV FUHN= 1.4 KEV
INTEBRAL® 17 RATEe 0.0 Cr8
AREA= 17 ERRe 23.32

ROIE 11 FRON 1434.0 KEV TO 1464.7 KEV
PEAK AT 1442.1 KEV FUliNe 4.2 KEV
INTEORAL= 37 RATEe .0 Crs
AREA» 22 ERRe 40.97

K-40 AT 1440.8 KEV = 0.87448E-03 UC!
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CHANNEL 1 DATA

123 5 12 (] 9 10
120 ’ 5 10 13 9 5 7 ?
‘
154 s 5 ? 10 s 7
160 ' 10 4 9 4 s 4
A 3 2 2
424 1 3 L] (] 2 24 1 4
32 1 ' 4 2
s 4 2 ) ] s (] s 3
534 2 1 0 2 2
&3 2
432 1 1 0 0 9 1" 9 s
440 1 1 0 1 4 °
924 3 0 4
"2 2 ] ) 3 ¢ 1 0 0
34 1 0 0 0 0
1034 ) 2 2 0 1 2 1
1064 2 3 2 0 0 0 i 1
1072 1
108 1 3 1 3 4 10
1112 [ b 3 1 0 1
1193 0 0 0 0 0
1200 2 1 0 ) 0 0 ° 1
1200 0 2 1 ) 0 2 1 0
1214 ] 1 2
1441 1 1 0
1664 1 1 2 4 2 2 0 2
1672 ) 1
24649 0 0 0
272 1 1 4 3 1 3 s 2
2400 4 4 4 4 3 0
Al-DOE-13504
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UC DAVIS SANPLES 89 & 90 HOLE 31 LOCATION 4" AMD 3 FEET 8/2/84 LEMR

w

TAG MO, = 123 RIHL-CANDERRA-FH DABOER PAGE 1
ADCE 1 LIVE TINE = 2000 TRUE TINE » 2003 17 AU B4 00910
COLLECTED ATy  23415103.1 16 AUR 84
ENERGY(NEV)= Q,27048E-07 oCH"2 + 0.34313E00 «CN +0.41037E01
PEAK STATISTICS» 1,00 NIN VIDTHe ¢ HAX UIDTHe &
AREA BACKGROUNDs 3 IERROR= 1,00
180 10 VINBOUs 3.0 KEV I80 ID LIBRARY® |
AGE (DAYS)s 0.20974E01 TABLE
ROI§ | FROM 73.0 KEV TO  79.5 KEV

PEAK AT 77.0 KEV FiMis 1.3 KEV

INTEGRAL = 74  RATEe 0.0 Crs8

AREAs 42 ERRe 33.3

91-207 AT 75.0 KEV = 0.77119€-04 VCl

ROIS 2 FROM 89.8 KEV TO  94.3 KEV
PEAK AT  93.7 KEV FUlie 2.1 KEV
INTEGRAL= 83 RATE- 9.0 Crs
AREAs 31 ERRe 435.11

ROIS 3 FRON 234.8 KEV TO 242.4 KEV
PEAK AT 237.1 KEV FUlNNe 0.9 KEV
INTEGRAL® 96 RATEs 0.0 Cr8
AREAe 31 ERRe 27.43

PP-214 AT 241.9 KEV = 0.23071E-33 UCI

ROIE 4 FROM 293.0 KEV TO 299.5 KEV
PEAK AT 294.3 KEV FUNi= 1.0 KEV
INTESRAL= 35 RATEe 0.0 Crg
AREA= 22 ERR= 34.32

P3-214 AT 293.2 KEV = 0,48443E-34 UC1

ROIE 3 FROM 348.9 KEV TO 13134.5 KEV
PEAK AT 332.7 KEV FUlie 0.8 KEV
INTEGRAL= 46 RATEe 0.0 Crs
AREAe 11 ERRe 29.01

PD-214 AT 1351.9 KEV = 0.45494E-34 ¥C1

ROIS & FRON 308.1 KEV TO S14.7 XEV
PEAK AT 511.3 KEV Fumne 2.9 v

INTEGRAL= 43 RATEs ¢.0 Crs
AREAe 43 ERR= 1a.n
NA-22 AT 311.0 KEV = 0.0E00 uc1
C0-3é AT 31,0 KEV = 0,.0E00 ucl
C8-30 AT 311.0 KEV « 0.0£00 uct

SR-83 AT 314.0 KEV = 0,70213-04 UCI
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ROIN

10

1"

FRON 3579.8 KEV T0 388.4 KEV

PEAX AT 383.2 KEV FUlN® 1.1 KEV
INTEBRAL® 23 RATEs 9.0 CPS
AREA= 23 ERRs 20,08

KR-@9 AT 383.0 KEV » 0.14037E08 UCI

FRON 404.4 KEV TO 412.% KEV

PEAK AT 409.9 KEV FUNN= 1.1 KEV
INTEGRAL® 21 RATEs 0.0 Crs
AREA= 21 ERRs 17.02

XE-135 AT 408.2 KEV = 0.24014E00 UCI
B1-214 AT 409.3 KEV = 0,.84831E-18 UCI

FROR 433.3 KEV 10 447.8 KEV

PEAK AT  441.7 KEV FUlle 0.0 KEV
INTEGRAL= 17 RATEs 0.0 CPS
AREA= : 17 ERRs 21.91

C8-137 AT 4é1.4 KEV = Q.J3719E-04 UCI

FRON 908.4 KEV 10 914.9 KEV
PEAK AT 733))) KEV Fuli= 902.1 KEV
INTEORAL® 9 RATEs 0.0 CPS
AREAe 9 Ems 3331

FRON 1434.0 KEV 10 1444.7 KEV

PEAK AT 1442.4 KEV FUliN= 2.1 KEV
INTEORML= 44 RATE= 0.0.CP8
AREAs 17 ERR= 33.32

K-40 AT 1440.8 KEV = 0.10737E-942 YCI

AI-DOE-13504
271



CHANNEL 1

123
128

154
160

421
424
432

328
334

(2]
432
640

924
129
34

1054
1064
1072

1103
112

1193
1200
1208
1214

1661
1684
1672

2449
2672
2400

~N

- oo

~N O -

N o N

L-N7 ]

[-X-X-J

DATA

s ?
12 5
s 3
7 3
13 10
1
2 \
3 0
2 3
3 1
.
5
1 1
1 1
1 2
) 0
0 1
0 0
1 0
2 0
1 0
3 2
4 1
AI-DOE-13504
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UC BAVIS SANPLES 92 & 93 HOLE SAMPLE J2 4" AND 3 FY\ 8/2/84 LEMR

TAG MO, = 123 RIHL-CANBERRA-FH BABGER PASE 1
ApcE 1 LIVE TINE » 2000 TRUE TINE = 2000 14 AUD B84 223134
COLLECTED ATy 20132:520.9 16 AUG B4

ENERGY(KEV)= 0,27048E-07 2CH"2 4+ 0.34313E00 oCH +40.41837E0!

PEAK STATISTICS® 1.00 MIN UIDTH= ¢ HAX UIPTHe @
AREA BACKOGROUND= 3 2ERROR=  1.00
150 1D UINDOU= 3.0 KEV 180 ID LIBRARYs 1
ABE (DAYS)s (.279083E01 TALE 1
ROIE 1 FROM 73.0 KEV 7O  79.3 KEV
PEAK AT  77.1 KEV FUlN= 2.0 Kev
INTEGRAL» 126 RATEs 9.0 CPS
AREA 33 ERRe S1.41

B1-207 AT 73.0 KEV = 0.44245E-04 UC1

ROI® 2 FROM 09.8 XEV TO0  94.] KEV
PEAK AT 92.3 KEV FUHNe 0.3 KEV
INTEBRAL= 107 RATE= 0.0 Cr8
AREAs 16 ERRe »nl

ROI® 3 FRON 234.0 KEV TO 242.4 KEV
PEAK AT 239.1 KEV Fukine 1.5 KEV
INTEGRALe 111 RATEs 0.0 CPS
AREAs 34 ERRs 47.21

PP-214 AT 241.9 KEV & 0.44135E-33 UCI

ROI® 4 FRON 293.0 KEV T0 299.3 KEV
PEAK AT 293.8 KEV FUlie 2.9 XEV
INTEGRALe 34 RATEs 0.0 Crs
AREA= 2] ERR= J4.71

PB-214 AT 293.2 KEV = 0.12434€-13 UCI
ROIO S FRON 348.9 KEV 70 356.3 KEV
PEAK AT 332.4 KEV FuMNe 1.8 KEV
INTESRALS S3 RATEs 0.0 CPS
MEAs 36 ERR= 23,42

PP-214 AT 3319 KEV = 0.13914E-35 UCI

ROIO 4 FRON 300.1 KEV T0 314.7 KEV
PEAK AT 311.7 KEV FUlNe 2.8 KEV

INTEGRAL= 38 RATEs 0.0 Crs
AREA= 38 ERR= 15.72
NA=22 AT 511.0 KEV = 0,080 ucl
Co-36 AT 3511,0 KEV = 0.0£00 ucl
Ce-38 AT 511,0 KEV = 0.0E00 %C1

SR-83 AT 3514.0 XEV = 0.41983E-04 U]
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ROTN

ROIN

ROIN

10

1"

FRON 379.8 KEV T0 580.4 KEV
PEAK AT 383.!1 KEV FUlhe 3.0 KEV

INTEGRAL= 28 RATEs 0.0 CPB
AREAs 28 ENRe  17.83
KR-G9 AT 585.8 KEV = 0.50469E-84 VCI
FRON 606.4 KEV 10 412.9 KEV
PEAK AT §10.0 KEV Fulie 0.9 REV
INTEGRALS 31 RATEs 0.0 CPS
AREAs 3 ERRe 1412
XE-135 AT 408.2 KEV = 0.29343£00 uCI
31-214 AT 409.3 KEV = 0.B4888E-20 UCI
FRON 4355.3 KEV 10 467.8 KEV
PEAX AT 459.1 KEV FuNMe 0.5 KEV
TNTESRAL® 16 RATEs 0.0 CPS
AREA= 16 ERRe  25.0%
RD-09 AT 457.7 KEV » 0.13099€09 UCI
AB-110M AT 457.7 KEV =  0.30194E-84 UCI
C3-117 AT 641.4 KEV = 0.33417E-84 UC1
FRON 908.4 KEV T0 914.9 KEV
PEAK AT 911.0 KEV Futke 0.8 KEV
INTEORALe 20 RATEs 0.0 CPS
AREA® 20 ERM= 20,03
FRON 1456.0 KEV T0 1464.7 KEV
PEAK AT 1441.4 KEV FuNs 4.0 KEV
INTEGRALS 50 RATEs 0.0 CPS
AREAs S0 ERR= 14,02
K-40 AT 1460.8 KEV = 0.1992E-02 UCI
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CHANNEL 8 BATA

123 10 é 7 é = 9
128 s 12 18 13 14 8 ? 4
154 12 12 7 4 [} 13
140 10 7 ? 3 3 3 7

L] 4 2 ?
a4 1 2 7 ? 19 20 14 S
432 ¢ b} ) 7

328 9 4 1 4 2 4 3 ?
334 1 2 1 3J 2

631 2
(2 )] 2 3 2 4 19 12 é
440 2 0 4 9 1

924 ] 9 3 3
928 2 é 4 4 é 4 1 1
34 f 2 ¢ L] 1

1034 9 0 1 1 3 3 2 4
1064 q 2 L] ! 1 J 9 9
1072 3
1108 1 1 9 2 2 2 )
12 ? 2 S 1 ¢ 1
1193 0 0 Q ¢ 1
1200 1 9 2 9 9 1 9 2
1208 ) 3 0 1 0 1 0 1
1214 ®
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LLe
¥0SE 1-300~1Y

TAG MO, =

UC BAVIO SANPLE #94 SURFACES SANPLE 89 (D00 PENS) 9/2/84

123 RIHL-CANBERRA-FH DADOER PAGE 1
LIVE TINE = 2000 TRUE TINE = 2004 10 MO 84 18227

COLLECTED ATa 073120001 16 AUG 84

ENERBY(KEVIa 0.27048E-07 *CN-2 + 0.34313E0Q oCW +0.41837E01

PEAK STATISTICS= 1.40 IR UIDTR= ¢4 PAX BIDTH= @
AREA DACREROUND= 3 IERRDRe 1.00

158 1D WINDQNe 3.0 NEV 180 ID LIDRARY= 1 ‘
ABE (DAYD)= 0.22284E01 TANLE

FRON 73.0 XEV TO  79.5 KEV

PEAK AT  74.0 KEV FUHie 1.0 KEV
INTEGRAL= 124 RATE- 0.0 CPY
AREA 20 ERRe 90.01

DI-207 AT 75.0 KEV = 0.347226-04 UC]

FROW  @9.0 KEV 78 94.3 KEV

PEAR AT  92.3 KEV FUNte 0.9 XEV
INTEORAL= 103 RATE- 0.0 Cr8
AREA= 12 ERR= »MN1

FROM  234.0 XEV 10 242.4 KEV

PEAK AT 238.0 KEV FUNHAe 1.4 KEV
INTEGRAL 107  RATE= 9.0 CPY
AREA= 32 ERRe 33.11

FROM 293.0 KEV TO 299.3 KEV

PEAR AT 293.1 KEV FUNNe 1.1 KEV
INTEGRAL= 43 RATE- 0.0 CPY
AREA» 30 ERR= 24.81

PP-214 AT 293.2 KEV = 0.11702€E33 UCl
FROM 3J48.9 KEV 10 334.3 Kev
PEAK AT 331.0 KEV FuMne 2.3 KEV
INTEGRAL= 47 RATE- 9.0 Cpo
AREA= 47 ERR= 12.21

PP-214 AT 351.9 KEV = 0.12219E33 UCL

LEHR




RO1N

ROIG

ROI®

FROW SOB8.1 XEV TO 314.7 KEV
PEAK AT 310.8 KEV FUlNe 3.0 kEV

INTEGRAL® 41 RATEe 0.0 CP8
AREAs 24 Exf= 37.32
NA=22 AT S11.0 KEV = 0.0E00 ucl
C0-34 AT S11.0 KEV » 0.0E00 ucl
CO-38 AT SI11.0 KEV =« 0.0£00 ucl

FROW $79.8 KEV T0 388.4 KEV

PEAK AT 383.7 KEV Fulite 2.3 KEV
INTEGRAL= 34 RATEs 0.0 Cr8
AREAe 34 ERR= 14.7%

KR-89 AT 3083.8 KEV = 0.92278-07 UCl

FROR 404.4 KEV T0 412.9 XEV

PEAK AT 409.2 KEV FUliie 1.4 XEV
INTEGRAL= 37 RATE= 0.0 CrS
AREAe 24 ERR= 33.32

XE=133 AT 408.2 KEV = 0.80414E-01 UCI
BI-214 AT $09.3 KEV = 0.26344E-32 ¥C1

FRON §33.3 KEV TO 447.8 KEV

PEAK AT 442.3 KEV FUlite 0.3 KEV
INTEGRAL= 22 RATEs 9.0 Cre
AREAs 22 ERRe 18.11

C8-137 AT éé1.4 KEV » 0,.44222E-04 YCI
FRON 1434.0 KEV TO 1444.7 KEV
PEAK AT 1442.0 KEV Fililies 2.1 REV
INTEGRAL= 38 RATE» 0.0 CrS
AREAs 38 Exf= 12.02

K=-40 AT 1440.8 REV = 0.23107E-02 UCI

AI-DOE~13504
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CHARNEL ¢
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1034
1044
1072

1103
12

193
1200
1200
1214

2449
2872
200

o

- O [

O wo

- - N3 - >

- N

o o

L ] N~

~N o

9 ?
13 7
? 8
3 10
14 13
4
é it
2 2
é ?
1
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182
$0S€ 1-300-1V

UC DAVIO SANPLE 093 SURFACE BANPLE LOCATION W10 (DOC PENS) 8/2/84 LEHR

TAG NO, = 123 RTHL-CANBERRA-FH DADOER PAGE !
ABCS I LIVE TINE = 2000 TRUE TINE = 2004 14 AUD 04 07403
COLLECTES ATy 840 10130.0 14 490 04

ENERGY(KEV)= Q.2708GE-07 *CN-2 + 0.3431JE00 oCN +0.41037E01

PEAK STATIOVICE- 1.00 1N UIBTHe ¢ NAX UIDTH= @
AREA DACKOROUND- 3 IERROR= 1,00

180 19 WINDOUe 3.0 KEv 150 ID LIDRARY. |

ABE (DAYE)s  §.2191DE0Y TABLE

ROI® 1 FRON 73.0 KEV 10  79.3 KEV
PEAR AT  74.4 XKEV FUlNe 1.4 KEV
IRTEGRAL 127 RATEe 0.0 CP8
AREA= 34 ERRe 30.01

U-187 AT 72.1 REV = 0.10327E-02 UC]

HO-203 AT 22.9 KEV = 0Q.4304E-03 UC1
91-207 AT 72.0 KEV = 0.11394E-03 ¥CI

ROI® 2 FROM ©9.0 KEV T0  94.3 KEV
PEAK AT  92.9 KEV FUNHe 2.7 KeV
INTEORAL 90 RATE- 6.0 CP8
AREA= 30 ERRe 34.02

ROID 3 FRON 234.0 KEV T0 242.4 KkEV
PEAK AT 235.0 KEV FUuMNe 1.4 XEV
INTEORAL= 117 RATE= 0.0 CP8
AREA= 72 ERR= 20.81

ROI® 4 FROM 293.0 KEV TO0 299.3 KEV
‘PEAR AT 293.2 KEV FuUNNe 1.8 KEV
INTEGRAL= A4 RATE- 0.0 CP8
AREA= . 10 ERR= 33.31

PB-214 AT 293.2 KEV = 0.17833E32 UCl

"tnnr( ﬂ /d

o i W



10

FRON 348, KEV TO 336.5 KEV
PEAK AT 352.1 KEV FUMwe 1.4 KEV
INTEGRAL® $7 RATEs 0.0 CPS
ARENs 37 ERR= 12,21
PB-214 AT 331.9 KEV = 0.37439E32 UCI
FROK 508.1 KEV T0 3514.7 KEV
PEAK AT 510.3 NEV FunNe 0.6 KEV
INTEORAL® S1 RATEs 0.0 CPS
AREA® 34 Emme 27.43
NA=22 AT 511.0 KEV = ¢.0£00 vel
C0-3é AT $11.0 KEV = 4.0E00 ucl
CO-38 Al 511.0 KEV « ¢.0E00 ucl
FRSN 379.8 KEV 10 388.4 KEV
PEAK AT 583.3 KEV Fu= 1.4 KEV
INTEGRAL® 24 MATEs 0.0 CPSB
AREAe 24 ERR= 2081
KR-8Y AT $85.8 KEV = 0.603196-12 UCI
FRON  406.4 KEV 10 412.9 KEV
PEAK AT 407.9 KEV Fibi= 1.4 KEV
INTEGRAL® 36 RATEs 0.0 CPB
AREAs 36 ERRe 14,462
YE-13S AT §06.2 KEV = 0.19304E00 UCI
DI-214 AT 409.3 KEV = 0.42437E-33 ¥C1
FROW 455.3 KEV T8 447.8 KEV
PEAK AT 441.7 KEV Fum 0.7 KEV
INTESRALS 27 RATEs 0.0 CPS
AREAe 27 = 8.5
C3-137 AT 461.6 KEV = 0.347276-04 ¥Cl
FROM 1456.0 KEV TO 1464.7 KEV
PEAK AT 1460.9 KEV Fiits 2.5 KEV
INTEGRAL= 67 RATEs 0.0 CPB
AREAs & s 11.93

K-40 AT 1440.8 KEV = 0.24493E-02 UCI
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¥82

v0SeL-30a0-1v

UC DAVIS BANPLE 8 94 SURFACE SANPLE i1 §/2/84 LEHR
aGRUE TINE » 2000 14 AUB B4 s l4
COLLECIED ATa 03437028.9 14 ALB 84

ENEROY(KEV)= 0.27048E-07 oCH"2 + €.34313E00 oCN +0.41037E0)

PEAK STATISTICH= 1.00 NIN VIDTHe & RAX UIDTH= 8
AREA DACKSROBND- 3 TERRORe  1.00

180 10 WiNDQU= 3.0 KEV 180 ID LIBRARYe

ABE (0AYD)s  0.2143E01 TAOLE

ROJO 1 FRON  73.0 KEV 10 79.3 REV
PEAK AT  74.9 KEV Fulins 0.8 KEV
INTEWRALS 116 RATE= Q.0 Crs8
AREA 17 ERRe 4411

U-187 AT 72.1 NEV = 0.10%43E-02 ¥
N-200 AT 2.9 KEV = 0.494292-03 K}
01-207 AT 72.0 KEV = 0.1234E-03 W1

ROID 2 FRON 87.8 KEV 1B 94.3 KEV
PEAR AT  93.0 KEV Fumns 1.7 KEV
INTEORAL- 103 RATE- 4.0 Cre
AREA 14 ERR= D03

ROIO 3 FRON 224.0 KEV T8 242.4 KEV
PEAL AT 230.6 KEV Fibne 0.9 KEV
INTEGRAL = 121 RATE- 4.0 Cre
AREAe S Erte . NX

ROID 0 FRON 293.0 KEV TP 299.3 KEV
PEAL AT 295.3 KEV FUnie 1.0 KEV
INTEORAL= 30 RATEe 9.0 Cr8
AREAs 11 ERRe D)X

PI-214 AT 295.2 KEV = 0.372]E31 W1

ROI® 3 FROM 348.9 KEV 70 334.3 NEV
PEAK AT 332.2 KEV FWiine 1.7 KEV
INTEGRAL® 71 MATE- 0.0 Crd L
AREA= 36 ERR=  17.81 0

PD-214 AT 331.9 KEV = 0.12433€32 UcCl



ROIN

ROIN

ROIN

ROIN

FROW 308.1 KEV T0 3514.7 Kev

PEAK AT 311,0 KEV FUliRe 1.4 KEV
INTESRALS 43 RATEe 0.0 CrS
AREAe 43 ERR= 13.32
NA-22 AT 311.0 KEV » 0,.0E00 uct
CO-3% AT 311.0 KEV = 0,.0600 ¥l
Ce-38 AT S11.,0 KEV = 0.0800 - <l

FRON 3579.9 KEV T0 388.4 KEV

PEAK AT 383.4 KEV fume 1.4 KEV
INTESRALS 33 RATEe 9.0 Crs
AREA= 13 ERR= 13.12

KR=@? AT 383.8 KEV = 0.94903E-14 ¥Cl

FRON $04.4 KEV T0 412.9 KEV

PEAK AT  409.8 KEV FUlNe 1.2 KEV
INTEGRAL= 42 RATEe 9.0 CP8
AREA= 29 ERR= 7.3

XE-133 AT 408.2 KEV » 0.84373E-01 UCI
DI-214 AT 409.3 KEV = 0.11847E-33 ¥C1

FRON 433.3 KEV 70 447.9 XEV

PEAK AT  $61.3 KEV Fllile 0.3 KEV
INTESRAL= 22 RATEe 0.0 CPY
AREAe 22 ERR- 19.12

C8-137 AT 441.4 NEV = 0.44222E-04 UCI

FRON 1434.0 KEV TO 1464.7 KEV

PEAK AT 1440.1 KEV FUliNe 1.4 KEV
INTESRAL® 17 RATE- 0.0 Cr8
AREAs 19 ERRe 135.32

K-40 AT 1440.8 KEV = 0.13338E-02 UCI
1-135 Ale
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UC DAVIS UATER SAMPLEAT RIVER DISCHARGE  UNKNOUN ORIGIN ADOUT 30 GALLONS PER WINUTES

TAG N3, » 13 RINL-CANBERRA-FH BABGER PAGE 1
ABCa 1 LIVE TINE = 2000 TRUE TINE » 2004 14 AUG B4 03413
COLLECTED AT:  04939129.7 16 AUG 84

ENEROY(KEV)® Q,27040E-07 oCN°2 + §.34J1JE4Q oCH +9,41837E01

PEAK STATISTICE= 1,00 NIN VIDTN= & MAX UIDTHs 8
AREA DACKGROUNB= 3 IERROR= 1.40
150 10 WINDONe J.0 XEV 100 13 LIDRARY=
AGE (DAYS)= 0.21227C01 TARRE !
ROI®E 1| FRON 73.0 KEV TO 79.95 KEV
PEAK AT  74.9 KEV FUlie 2.4 KEV
INTEGRAL® 23 RATEe 0.0 Crs
AREA= 10 ERRw 70.02

V-187 AT 72.1 KEV = 0.27330E-43 UC1
HO-2¢3 AT 72,9 KEV = 0,12726-03 UC]
B1-207 AT 72.8 KEV = 0.32204E-04 UC]

ROI® 2 FROM  BY.0 KEV T8  94.3 KEV
PEAK AT  92.1 KEV Filille 0.7 KEV
INTEGRALS 43 RATEe 6.0 Crs
AREAs 17 ERR= 30.81

ROIS 1 FRON 234.0 KEV 10 242.4 NEV
PEAK AT 238.3 KEV FUlille 1.3 KEV
INTEORAL® 30 RATE .0 Crs
AREA= 15 EAR= 33.32

ROIE 4 FRON 293.0 KEV T8 299.35 KEV
PEAK AT >)>3>> KEV Flllife t.1 KEV
INTEORAL= 14 RATEe 0.0 Crs
AREA= 1 ERR= »nt

ROIE 3 FRON 348.9 KEV 70 J134.9 KEV
PEAK AT >>20)> KEV Fulw 342.3 KEV
INTEGRAL= 8 RATE- 0.0 Crs
AREA= 0 ERRe 6.0

ROIE & FROM 308.1 XEV 70 S14.7 KIV
PEAK AT S510.0 KEV File 0.9 XEV

INTEORAL> 28 RATEe .0 Cre
MEAe 28 ERfe 17.82
NA=22 AT S11.0 KEV = ¢.0800 ucl
CO-34 AT 311.0 KEV = ¢.0800 oCl

Co-38 AT S11.0 KEV = 4.0800 ucs

ROI& 7 FRON §79.0 KEV T0 388.4 KEV
PEAK AT 3082.5 KEV Fiie 2.1 Kev

INTEGRAL= 14 MTEe 0.0 CrS
AREA= u e 2.4
AI-DOE-13504
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ROIS

ROIAQ

ROIS

ROIQ

10

12

FROR 404.4 KEV TO 412.9 KEV
PEAK AT 410.0 KEV FUiihe 4.3 KEV

INTEGRAL® 10 RATEs 6.0 Crs
AREAe 10 ERRe 30.02
XE-135 AT 408.2 KEV » (.27447E-0% UCI
BI-214 AT 409.]3 KEV s 0,.54247E-33 W1
FROR 433.3 KEV TO 447.8 KEV
PEAK AT 640.7 KEV FUliNe 0.3 KEV
INTESRAL® é RATEe .0 Crs
AREAs é ERRs 31.31
RI-@? AT 437.7 XKEV = ¢.30923E-20 UCI
AG-110M AT 437.7 KEV &  0.11302E-04 UCI
Ch-137 AT 4é1.4 KEV o  0.12604E-04 UCI
FRON 904.0 KEV TO0 717.1 KEV
PEAX AT 910.1 KEV FUNN=s 13,0 KEV
INTESRALe 7 RATEs 0.0 Cr8
AREAe 7 ERRe 20.32
FRON 1434.0 KEV TO 1444.7 KEV
PEAK AT >)22)> KEV FiliNe 0.8 KEV
INTEGRAL= 3 RATEs ¢.0 Cr8
AREAe 3 ERRe 40,02
FROW 1739.1 KEV TO 1743.7 XEV
PEAK AT >3233)> KEV FiUNR= 0.8 KEV
INTEGRALe 1 RATE= 6.0 Crs
AREAe 1t ERR= P 222
AI-DOE-13504
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CHANNEL 0

123
120
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24
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0
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062
¥0St 1-300~1V

UC DAVIS SANPLE® §/6 130 & 131 - DEEP VELL DRILLED IN HOLE 929 DRILLING VELL HUD SAMPLES 70 FT LEVEL ANB BOTTON LEKR

148 NO, = 123
ACE 1 LIVE TINE »
COLLECTED ATs 04201002.9

RINL-CANDERRA-FH DADOGER PASE 1
2000 TRUE TINE - 2003 14 AUO 94 0038
16 ADS 04

EMERGY(KEV)=  0,27040E-07 oCN"2 ¢+ 9.54J13E00 oCN +0.418037E0Y

PEAK STAYIDTICH- 1,08 NIN VIDTRs ¢ HAX WIDTHe O
AREA DACKGROUND. 3 ZERROR- 1.00
100 1D VINBOWe 3.0 REV 100 10 LIGRARY= 1
ABE (DATE)s  §.2094E00 TARLE 1
ROLE 1 FROW 73.0 KEV 76 79.3 REV
PEAX AT 74.2 NEV FUMile 1.6 KEV
INTERRAL= 134 RATEe 4.0 Crs
AREA= 10 ERRe 40.01
U-107 AT 72.1 KEV = 0.80303E-43 W1
Ne-203 AT 72.9 KEV = 0.301448-43 W1
B1-207 AT 72.8 KEV = Q.%4410E-84 W1
ROI® 2 FRON  09.0 KEV 70 94.3 REV
PEAK AT  92.0 KEV FUlike 3.7 KEV
INTEGRAL= 113 RATE 0.0 Crs
AREAe T ERRe »nNi

RGIE 1 FRON 234.0 KEV T8 242.4 KEV

PEAR AT 230.9 KEV FUNNe 2.2 KeV
" INTERRAL= 151 RATEe 0.0 (P
AREAe 74 ERRe 23.41

RGID 4 FRON 293.0 KEV 10 299.3 KEV

PEAR AT 293.7 HEY FUNRe 2.1 Xev
INTEGRAL= 34§ RATE 0.0 Cr8
AREAe 30 ERRe 1.3

P)-214 AT 293.2 KEV = 0.83733E30 UCI
ROEE 3 FRON 340.97 KEV T8 234.3 KEV

PEAK AT 332.1 KEV Fukne 2.4 Kev
INTEGRAL= 49 RATE- b.0 CP8
AREA= 34 ERRe 26.41

PR-214 AT J31.7 KEV = Q.4J4Q2E)0 ¥C1

(=

U Cnony LEHE

Ao'vethon Deomp Well 10 N:/:};i‘



ROIG

ROIS

ROIS

10

12

FRON 308.1 KEV T0 314.7 KEV
PEAK AT 3511,0 UEV FUMNe 1.4 KEV

INTEGRAL® 40 RATEe 0.0 Crs
MEr= 23 ERRs 30.11
NA-22 AT 311.0 KEV = 0.0E00 uc1
CO-S6 AT 3511.0 KEV = 0.0E00 el
CO-30 AT S511.0 KEV = O,0E00 [ ]

FRON 379.8 KEV TO 388.4 KEV

PEAK AT 382.8 KEV Filile 1.4 KEV
INTEGRAL® 33 RATEs 0.0 Crs
AREA= I3 ERRe 17.12

FRON 404.4 KEV TO 412.9 XEv

PEAK AT 409.8 KEV FUllie 9.9 KEV
INTEGRAL® 23 RATEe 0.0 CPS
AREAe 3 Erme 20.02

AE-133 AT 400.2 KEV = 0.43044E-01 UCI
BI-214 AT 409.3 KEV = 0.38537€-33 ¥l

FRON 433.3 KEV - T0 447.8 KEV

PEAK AT 441.7 KEV Fibilie 0.7 KEV
INTESRAL= 3 RATE= 0.0 Crs
AREA= 3 ERRe 20.02

C8-137 AT 4é1.6 KEV & 0,37323E-94 UCI

FROR 904.0 KEV TQ 917.1 KEV

PEAK AT 911.2 KEV FUline 2.7 KEV
INTEGRAL= 18 RATE. 0.0 Crs
AREAe 8 ERR» 17.81

FRON 1434.0 KEV T0 1444,7 KEV

PEAK AT 1441.1 KEV Fililte J.2 KEV
INTEGRAL= 47 RATE= 0.0 Crs
AREAe 67 ERRe 11.92

K=-40 AT 1440.8 KEV =  0.244735-02 %C]

FRON 173%.1 KEV Y0 1743,7 KEV
PEAK AT >>3)>> KEV Fillille 0.8 KEV

INTEGRAL® I mMTEe 0.0 Cr8
AREA= 3 Emms seiT
AI-DOE-13504
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UC BAVIS SANPLE 0133 ASHES DUG UP DY OOPHERS IN CODALT 40 FIELD 8/4/04 LEHR

TAG NO. = 123 RINL-CANBERRA-FH BADGER PASE 1
ABCH 1 LIVE TINE = 2000 TRUE TINE = 2004 14 AUS 04 0143
COLLECTED AT 031041247.0 16 AUG 84

ENERGY(KEV)a 0,27048E-07 oCN"2 + 0.34313E00 oCN +0.41837E01

PEAK STATISTICS» 1.00 NIN VISTH= 6 MAX UIDTH= 8
AREA DACKGROUND= 3 IERROR® 1,00

150 1D UINDOMe 3.0 KEV 180 ID LIBRARY= 1

AGE (DAYS)e 0,20303£01 TARLE !

ROIO 1t FROM 73.0 KEV TO  79.3 KEV
PEAK AT  77.0 KEV Fllile 1.3 KEV
INTEGRAL® 19 RATE- 0.0 Crs
AREAS 37 ERRe 37.82

DI-207 AT 75.0 KEV = 0,.47933E-04 ¥Cl

ROID 2 FRON 89.0 KEV TO  94.3 KEV
PEAK AT  92.4 KEV FUHRs 2.9 KEV
INTEGRAL= 73 RATEe 0.0 Crs
AREA= 34 ERR= 3s.21

ROI® 3 FRON 234,09 KEV T0 242.4 KEV
PEAK AT 230.46 KEV FUle 1.8 KEV
INTEGRAL= 74 RATES 0.9 Crs
AREA= 44 ERR= 27.21

ROIE 4 FROW 293.0 KEV T0 299.3 KEV
PEAK AT 293.9 KEV FUlNe 1.0 KEV
INTEGRAL= 36 RATEe 0.0 Crs
AREAe 10 ERR» 90.02

PI-214 AT .293.2 KEV = 0.6076E29  UCI
ROIO S FRON 348.9 KEY TO 354.3 KEV
PEAK AT 3351.1 KEV FUMte 2,7 KEV
INTEGRAL® 9 RATEs 0.0 CPS
AREAe 19 Eme 37,82
PI-214 AT 351.9 KEV = 0.87074E29 UCI

ROID ¢ FROW 300.1 KEV TO 316.7 KEV
PEAK AT 511.2 KEV FUlite 3.4 KEV

INTEGRAL 41 RATEs 0.0 Crs
AREA= 41 ERR= 14.42
HA-22 AT S11.0KEVe 0.0E00 ucl
Co-36 AT S11.0 KEV = 0,000 ucl
Co-58 AT 311.0 KEV = 0.0800 uc1

k=83 AT 314.0 KEV » 0.44340E-04 UCI

ROI® 7 FROM 379.8 KEV TO 380.4 KEV
PEAK AT D)>)>> KEV Fulits 373.3 KEV

INTEGRAL® 14 RATE 0.0 CPS
MEAe 14 ERRe 21,42
AI-DOE-13504
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ROIN

ROIS

ROIR

RO1S

RO1E

19

"

12

FRON 579.8 KEV 10 308.4 KEV

PEAK AT >>3>>> KEV Fuline 373.3 KEV
INTEORALs 14 RATEs 9.0 CPS
AREA= 14 ERR= 21.42

FROR 604.4 KEV TD $12.9 KEV

PEAK AT 409.9 KEV FUNNs 0.9 KEv
INTEGRAL= 24 RATEe 0.0 CP8
AREAs 11 ERRe 43.42

XE-133 AT 408.2 KEV = 9.27040E-01 UC]
DI-214 AT 409.3 KEV » 0.23433£-34 ¥C1

FRON 4353.3 KEV T0 447.0 XEV

PEAK AT 437.3 KEV Flli= 1.4 KEV
INTEORALS 17 RATE- 0.0 Crs
AREA= 17 ERRe 23.52

RD-89 AT $37.7 KEV = 4.1278E-21 UCl
AS=110M AT 437.7 KEV = 0.32014E-04 ¥C1

FROR 904.0 KEV TO 917.1 KEV

PEAK AT >23)>> KEV Fuiille 0.8 KEV
INTEGRAL> 21 RATE= 0.0 Cr8
AREAs 21 ERRe 19.02

FRON 1434.0 KEV TO 1444.7 KEV

PEAK AT 1441.2 KEV FUMRe 4.1 KEV
INTEGRAL= 32 RATEs 0.0 CP8
AREAs 32 ERR= 13.42

K=40 AT 1440.8 KEV = 0.20717€-902 ¥C1

FRON 1739.1 KEV T0 1743.7 KEV
PEAK AT 3)>33) KEV FlMille 0.6 KEV

INTEGRAL® 1 RATEs 0.0 CPS
AREde 1 e N3
AI-DOE-13504
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UC DAVIS SAMNPLES 126,127,128, & 129 DEEP VELL DRILLED IN NOLE N29 MUD SAMPLES @ 30.40.50.3 60 FEEY LEKR

TAG NO, = 123 RIHL-CANDERRA-FH BADGER PAGE 1
ABCE 1 LIVE TINE » 2000 TRUE TINE » 2002 16 AUG B4 03002
COLLECTED ATe 02330140.0 16 AUG 84

ENERGY(KEV)s 0.27040E-07 oCH“2 ¢ 0.34313E00 oCK +0.41037E01

PEAK STATISTICS® 1.00- NIN VIDTHs ¢ NAX UIDTHs 8
AREA DACKGROUNDs 3 2ERROR=  1.00

1S0 13 UINDOU= 3.0 KEV 180 1D LIBRARY® 1

ABE (DAYS)s  0.20332E01 wRe

ROIE 1 FROM 73.0 XKEV 10 79.3 KEV
PEAK AT  77.0 KEV FUlNe 2.2 REV
INTEGRAL= 141 RATEe 9.0 CP9
AREA= 37 ERR= 51.321

BI-207 AT 73.0 KEV = 0.47933E-04 VUCI

ROI® 2 FRON 69.0 KEV 7O  94.3 KEV

PEAK AT 91.9 KEV FUlhs 1.7 Rev
INTEGRAL® 96 RATEe 0.0 CP8
AREA= It ERRe 48.31

ROIQ 3 FROM 234.0 KEV TO 242.4 KEV

PEAK AT 230.7 KEV FUlhe 1.4 KEV
INTEGRAL® 123 RATEs 0.0 Cre
AREAs 43 ERR= 23.31

ROIE 4 FRON 293.0 KEV 10 299.3 KEV
PEAK AT 293.4 KEV FUlile 2.0 XEV
INTEGRALe 37 RATEs 9.0 Cro
AREAe 24 ERRe 3.3

PB-214 AT 293.2 KEV » (.64043E2Y UC]
ROI® 3 FRON J40.9 KEY T0 1334.3 XEV
PEAK AT  332.2 KEV FUNNe 0.0 KEV
INTEGRAL® 37 RATEs 0.0 CPS
AREA= 42 ERR= 21.41
PB~-214 AT 331.9 KEV » 0.73434E2? UCl

ROIO 4 FROW 308.1 KEV 70 3514.7 XEV
PEAK AT  311.J KEV FllRe 4.3 KEV

INTEGRAL® 32 RATEe 0.0 Cr8
AREA= I3 ERR= 28.351
NA=22 AT 311.0 REV = 0.0E¢0 ucl
Co-36 AT 911.0 KEV = 0,.0E00 w1
C8-38 AT 311.0 KEV » 0.0800 ucl

R-03 AT 3514.0 KEV « 0.354424E-04 UC1

ROI& 7 FROM 379.0 KEV 7O 3508.4 KEV
PEAK AT 3583.7 KEV FuUlie 2.7 KV
INTEGRAL® 43 RATE- 0.0 Crs
AREAs 43 ERR= 13.31
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ROIO

ROIS

ROIA

10

1"

12

FRON $79.8 KEV T0 3068.4 KEV

PEAK AT 383.7 KEV FUNN= 2.7 KEV
INTEGRALS 43 RATEs 0.0 Cr8
AREAs 43 ERRs 13.32

NR=8? AT 383.8 KEV = 0.23723E-33 UCI

FRON  604.4 KEV TO 412.9 XEV

PEAX AT $10.7 KEV Flllle 0.9 TEV
1NTEGRALs 37 RATEe 9.0 Crs
AREAe 24 ERRe 33.32

XE-133 AT 408.2 KEV = 0,34343E-01 UCI
D1-214 AT 409.3 KEV = 0.14437€-34 K1

FRON 4335.3 KEV 10 447.8 KEV

PEAK AT 440.7 KEV FUNN= 7.4 IV
INTEERALe 16 RATEe 9.0 Cr8
AREAe 14 ERR= 23.01

C8-137 AT &41.4 KEV o 0.33414E-04 UCI

FROR  904.0 KEV TO 917.1 KEV

PEAK AT ?911.3 KEV FlMlle 0.4 KEV
INTEGRAL= 23 RATEe 0.0 Crs
AREAe 0 Exfe .02

FRON 1434.0 KEV TO 1464.7 KEV

PEAK AT 1441.9 KEV FUNNe 0.9 KEV
INTEGRML= 47 RATEe .0 Crs
AREAe 47 ERRe 1.9

K-40 AT 1440.8 KEV »  0.24493E-02 nl.
FRON 1737.1 KEV TO 1745.7 KEV

PEAK AT >332 KEV FUliNe 0.8 KEV
INTEGRALS . 3 RATE= 0.0 Cr8
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L62
#04¢ 1-300-1V

UC DAVIS BANPLES 0121.122.123. $124 DEEP UELL ®1 40 FT. T0 70 F1,

TAO MO, = 123

ABCR LIVE TINE =
COLLECTED AT+ 00:03133.4

ENERSY(KEV)® §.27048E-07 oCN“2 + 0.34313E00 <CN +0.41037E01

RIHL-CANBERRA-FH DADGER

4374 TRUE TINE =
14 AUS 04

PEAR STATISTICE= 1.00 HIN VIBTH= 4
| ZERROR= 1.00

AREA SACKOROUND.

180 1D UlNDOU- 3.0 KEV

ABE (BAYS)e 0. 19313E0Y TaDLE

ROIS & FROM 23,

O KEV 10 79.3«X

108 I3 LIBRART. 1

EV

PEAR AT 77,3 KEV FiMiie 0.7 KEY
INTESRAL= 304 RATE- 0.0 CP8
AREAs 70 ERRe 44.42
1-131 AT 0.2 KEV = 0.71332€-03 ¥C]
31-207 AT 73,0 REV » 0.30237E-04 KC)

ROIO 2 FROM O7.8 KEV T8  94.3 KEV

IN 10 FT. INCREMENTS NUD BANPLES LEWR

4388 14 AUD B8 01334

PEAK AT  92.8 KEV FUHA» 1.8 KEV Mo
INTEORAL= 423 RATEs 0.0 Cro U
AREA= 100 ERRe 33.02

ROIG 3 FROM 234.8 KEV T0 242.4 KEV

PEAR AT 235.9 KEV FuNNe 1.3 KEV
INTEGRAL» 474 RATE- 0.6 Cre
AREA= 176 ERe 1.8z

ROIS 4 FRON 293.0 KEV T80 299.3 KEV

PEAR AT 293.3 KEV FUMNe 1.2 KEV
INTEGRAL= 173 RATE- 0.0 CPo
AREA= 36 ERRe 5.2

P3-214 AT 295.2 NEV = 0.10333E20 WC}

ROIG 3 FROR 340.9 KEV T0 334.3 KEV

PEAK AT 332.3 KEV Futne 2.4 XEV
INTEGRAL = 194 RATE= 0.0 Crl
AREA= 119 ERRe 135.11

PB-214 AT 331.7 KEV =

0.14444E20 UC]




ROIN

ROIS

ROID

ROIN

ROIM

10

1"

12

FRON S08.1 KEV 10 S$14.7 XEV
PEAK AT S19.4 KEV Fllne 2.2 KEV

INTEGRAL= 199 RAIEe 0.0 Cr8
AREde 74 ERRe 27.01
NA-22 AT S11.0 RKEV = 0.0£00 ucl
Co-34 AT J11.0 KEV = 0.0E00 I
CO-S8 AT J11.0 KEV = 0Q.0EQ0 Ucl

SR=03 AT S14.0 KEV » 0.34371E-04 UCI

FRON 379.0 KEV 70 306.4 KEV

PEAK AT S63.7 KEV FUNNe 2.2 v
INTEORM.= 131 RATE= 9.0 Cr8
AREdAs 97 ERRe 15.41

KR-89 AT 38S5.0 KEV = 0.2108EJ0 UCI1

FRON 404.4 KEV TO 412.9 KEV

PEAK AT ¢07.4 KEV Filits 1.3 KEV
INTEGRAL® 131 RATE~ 0.0 Cr8
AREAs 2 ERR= 15.22

XE-133 AT 608.2 KEV = 0.34323e-01 UCI
DI-214 AT 409.] KEV = 0.11944E3Y UCl

FROR 430.0 KEV 70 473.7 XEV

PEAK AT 473.1 KEV FUlie 0.5 KEV
INTEGRAL= 100 RATEs 9.0 Crt
AREAS 10 ERR= 1”2

FRON 904.0 KEV 10 917.1 KEV

PEAK AT 911.7 KEV FUMA= 1.7 KEV
INTEGRAL= 83 RATEe 0.0 Cr8
AREA= 40 ERR= 21.42

FRON 1434.0 KEV TO 1444.7 KEV

PEAK AT 1441.3 KEV FUlie 4,2 K&V
INTEGRML= 238 RATE- 0.0 CP8
AREd= 187 ERRe 10.12

K-40 AT 1440.0 KEV =  0,22438€-02 UCI

FROR 17359.1 KEV 70 1743.7 K&V
PEAK AT >>>>>> NEV FUe 113,0 KEV

INTEGRAL= 164 RATEs 0.0 CPS
AREAs I Eme X
AI-DOE-13504
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UC DAVIS SANPLE 8-9117,118,.119, $120 DEEP VEL #1 START TO 30 FT IN TEN FT INCRENENTS MUD SANPLES LEWR

14G NO. » 123 RIML-CANBERRA-FH DADGER PAGE 1
ADCE 1 LIVE TINE = 9985 TRUE TINE = 10000 15 AUS 84 21103
COLLECTED ATi 08339538.4 15 AUS 84

ENERGY(KEV)® 0.27040E-07 oCH“2 + 0.S4313E00 oCH +0.41837E0)

PEAK STATISTICS= 1.00 RIN VIDTHs 4 HAX UIDTHs @
AREA DACKOROUNDS 3 TERRORs 1.00

150 1D VindpOUs= J.0 KEV 130 1D LIBRMRY= 1t

ABE (DATS)= 0.12893E01 TARE |

ROI® 1 FROM 73.0 KEV 10 79.3 KEV
PEAK AT  74.6 KEV FUNNs 0.7 KEV
INTEBRALe 234 RATEe 0.0 CPS
AREAs 74 ERRe 13.71

V-187 AT 72.1 KEV = 0.22491E-03 UCI
HG=-203 AT 72.9 KEV = 0.18622€-03 UCI
31-207 AT 72,8 KEV = 0.47733E-94 UC]

ROI® 2 FROM 89.0 KEV 1O 94.3 KEV
PEAK AT  92.4 KEV FUHhe 1.1 KEV
INTEGRAL= 234 RATE= 0.0 CP8
AREAs 32 ERR= 49.02

ROIS 3 FROM 234.0 KEV T0 242.4 KEV
PEAK AT 239.8 KEV Filie 1.1 KEV
INTEGRAL= 228 RATEe 0.0 Crs
AREA= 106 ERR» 21.21

ROIS 4 FRON 348.9 KEV 70 354.3 KEV
PEAK AT 352.0 KEV FUMNe 1,2 KEV
INTEGRALS 98 RATEs 0.0 CPS
AREA= 23 ERmRs  49.52

PI-214 AT 331,97 KEV = 0.77798E1é UCI1

ROI® 5 FROM 3508.1 KEV 70 $14.7 KEV
PEAK AT 311.1 KEV FUNNs 2.8 KEV

" INTEGRALe 131 RATE= 0.0 CPS
AREAs 10 ERR= 17,02
NA-22 AT S11,0 KEV = 9.0800 vel
C0-%6 AT S11.0 KEV = 0.0E00 ¥c1
CO-38 AT 311.0 KEV = 0,0E00 uct

ROI® & FRON 379.8 KEV 10 3088.4 KEV
PEMK AT S81.0 KEV FilNe 0.8 XEV
‘TNTEGRAL= 63 RATEe 0.0 Crs
AREA= 12 ERR= NN

KR-@Y AT 303.8 KEV = 0,J4733E18 UCI
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ROI®

ROIN

10

FRON 377.8 KEV T0 389.4 KEV

PEAK AT 3583.0 KEV FiiNe 0.8 KEV
‘INTEGRALe 43 RATEs 9.0 CP8
AREA= 12 ERR= »nNt

KR-8? AT 383.8 KEV = 0.34733E18 UC1

FROR 404.4 KEV TO 412.9 KEV

PEAK AT  409.8 KEV FUMie 1.0 KEV
INTEGRAL® 49 RATE- 9.0 CPS
AREAs 23 ERR= 43.42

XE-135 AT 408.2 KEV = 0.27702E-02 UC1
BI-214 AT 409.] KEV = 0,20423E24 (UCI

FROM 440.7 KEV TO 673.7 KEV

PEAK AT 441.8 KEV FUliNe 1.7 KEV

INTEGRAL® 49 RATEe 9.0 CP8

AREAs 0 ERR= 0.02
C8~137 AT 441.4 KEV = 0.0E0 ucl

FRON 1454.0 KEV TO 1444.7 KEV

PEAK AT 1439.4 KEV FlUli= 4.6 KEV
INTEGRAL® 38 RATE- 9.0 Cr$
AREA® 21 ERR= 42.81

K-40 AT 1440.8 KEV = 0.14738E-03 UC1
1-133 AT 1437.6 KEV = 0.32162E-02 UCI

FRON 1739.1 KEV 10 174S5.7 KEV

PEAK AT 1743.1 KEV FUNRe 0.8 KEV
INTEGRAL= 9 RATEs 0.0 Cr3
AREA= 9 ERRe 13.31

BI-214 AT 1744.3 KEV = 0.19234E25 UCI
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CHANNEL &

123
128

134
160

LY}
424
432

431
632
640

924
720
934

1034
1064
1072

1103
1112

1203
1208
1214
1224

2449
2672
248¢

3222
3232

28

3

4 A o A

» U au

[3)

14

~ o

b [

-

23

22
14

» N

-

14 17
23 17
14 13
13 13
2 2
12
] 10
2 10
3
135 14
1 1
0 3
2 2
2 a
4 2
1 1
1 1
2 2
1 3
4 0
0 0
1 0
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UC DAVIS SANPLE #132  SEDINENT AT UNKMOUN LIQUED EFFLUENT DISCHARGE @ RIVER

TAG NG, = 123 RIHL-CANDERRA-FH DABOER PAGE 1
ADCE ! LIVE TINE = 9987 TRUE TINE e« 10000 14 AUS 04 21303
COLLECTED ATe 03133044.7 14 A0 04

ENERGY(KEV)=s  0,.27040E-07 oCN"2 + 0.34313E00 oCH +0.461007E01

PEAK BTATISTICS= 1,00 MIN UIDTH= ¢ HAX UIDTHe 8 -
AREA BACKBROUNDe 3 TERROR= 1.00 o
130 13 VINDOUs 3.0 KEV 180 1D LIDRARYe 1| ot

ABE (DAYS)s Q.14177E00 TARE |

ROID 1 FROM  73.0 KEV 70 79.3 KEV I
PEAK AT  74.5 KEV FUlN= 1.4 KEV Lo
INTEGRALS 714  RATEs 0.0 CPS
AREAe 101 ERR= 23.71

BI-207 AT 73.0 KEV & O.44344E-04 ¥C1
ROI¢ 2 FROR 689.8 XEV 70  94.3 KEV
PEAX AT 92.3 KEV Filills 2.1 KEv

INTEGRAL= 341 RATEs 0.0 CP8 ‘
AREAe 06 ERRs 43.32

ROID 3 FROM 134.0 XKEV T0 140.3 KEV

PEAK AT 146,68 KEV Flliile 1.3 KEV

INTEORAL= 700 RATEs 0.0 Cr8

AMEde . 0 ERRe 0.02
CE-141 AT 143.4 KEV = 0.0EQ0 uc1

ROIR 4 FROM 177.3 KEV T0 109.0 AEV
PEAK AT 105.7 KEV Flllne 2.0 K&V
INTEGRAL 639 RATE. 0.0 Cre
AREAe 11 ERRe NN

U-233 AT 183.7 KEV = 0Q.17113E-03 UC]

ROIZ 3 FRON 234.8 KEV T0 242.4 KEV
PEAX AT 238.46 KEV FUline 1.4 KEV
INTEGRALe 636 RATEe 0.0 Cro
AREAe 246 ERRe 4.8 -

ROIE & FRON 291.9 KEV 76 298.4 KEV
PEAX AT 293.4 KEV Flllie 2.3 KEV
INTEGRALS . 337 RATEe 0.0 CPS
AREAe 114 ERR= 20.11

PD-214 AT 293.2 KEV = 0.3337E-01 UCl
ROIO 7 FRON 334.2 KEV T8 343.3 KEV
PEAK AT 338.4 KEV FUlRe 1.3 KEV
INTEGRAL® 203 RATE- 0.0 Cré
AREA= 39 ERRe 42.32
C8-136 AT 340.4 KEV = 0.21007€-04 UCI

ROIS B FROR 348.9 KEV T0 13154.0 KEV
PEAK AT 332,71 XKEV Filils 1.7 KRV
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ROID

RO10

10

"

13

13

14

FRON 348.9 KEV T0 334.0 KEV

PEAK AT 332.1 KEV Filii= 1.7 KEV
INTEQRAL= 327 RATE= 0.0 CPS
AREAe 213 ERR= 1M.12

PI-214 AT 351.7 KEV = 0.42197E-01 UCI

FRON 503.7 KEV 10 317.8 KEV
PEAK AT 310.9 KEV Fibie 3.9 KEv

INTEGRALS 230 RATEe 0.0 Cr8
AREAs 142 ERR= 17.02
NA-22 AT 311.0 KEV = 0,.0E00 ucl
Co-34 AT 311.0 KEV = 0.0£00 w1
C0-38 AT 3511.0 KEV = 0.0E00 ucl

FRON $579.8 KEV TO 3@7.4 KEV

PEAK AT 303.3 KEV Fimie 1.4 KEV
INTEGRAL= 151 RATEs 0.0 CPS
AREAs 71 ERRe 10.42

KR-8® AT 363.0 KEV = 0,.2343181% UCl

FRON  406.4 KEV TO §12.9 KEV

PEAX AT 409.4 KEV FUlie 2.1 KEV
INTESRAL= 190 RATEs 0.0 Crs
AREAs 138 ERRe 12.31

XE-113 AT 408.2 KEV = 0.21041E-02 UCI
DI-214 AT 409.3 KEV = 0.J4103800 0NC]

FRON §34.7 KEV T@ 448.8 KEV

PEAK AT 442.4 KEV FUltie J.3 Kev
INTEBRAL= 132 . RATE» 0.0 Cre
AREAe 31 ERRe 43.11

C8-137 AT 441.4 KEV = 0,21433%-04 UCI

FROR 718,80 KEV 78 732.9 KEV

PEAK AT 725.3 KEV FU= 2.9 KEV
INTEGRAL= 113 RATEe 00 Cre
AREA M ERRe 491.72

IR-93 AT 724.2 KEV = 0.20444E-04 UCI
$8-124 AT 722.0 KEV = 0.11432E-03 ¥C1
I-131 AT 722.9 KEV = 0.44741E-07 ¥C1

FROA 903.3 KEV T0 917.1 KEV

PEAK AT 710.9 KEV FUlle 3.0 XEV
INTEGRAL® 109  RATEs 0.0 Crg -
AREde S7 ERRe EA Y- ¢

FRON 942.7 REV 10 973.2 gV

PEAK AT 748.97 KEV FUNN= 1.0 KEV
INTEGRAL® 8 RATEs 0.0 Cr8
AREAe 38 ERRe 42,11

FROA 1114.4 KEV 10 1122.4 KEV

PEAK AT 1119.7 KEV Flllle 4.1 XKeV
INTERRAL 60 RATEs 0.0 CPS
AREAe . 34 ERRs 22.72

TA=182 AT 1121.3 KEV
DI-214 AT 1120.3 XEV

0.57443E-04 UCI
0.44433€00 UCT
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ROI® 17

ROI§ 10

CHANNEL 0

123
128

134
140

23
240
248
234

33
320
n
334

421
24
42

324
328
334

404
408
416

N
32
40

FRON 1433.0 KEV TO 1443.2 KEV

PEAK AT 1440.3 KEV Flltike 4.3 KEV
INTEGRAL= 297 RATEs .0 Cr8
AREA= 297 ERR= 5.722

X-40 AT 1440.8 KEV = 0.23494E-02 UCI
1-133 AT 1437.4 KEV = 0.43199E-02 ¥C1

FRON 1737.0 KEV T0 1740.4 KEV

PEAK AT 1743.0 KEV Fulihe 2.0 KEV
INTEGRAL= 36 RATEe 0.0 Crs
AREA® 36 ERR= 16.62

BI-214 AT 1744.3 KEV = 0.21203E01 WUC)
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UC DAVIS SANPLE 897  SURFACE SANPLE LOCATION 812)D0O0 PENS) 8/2/84 LEHR

TAG MO, » 123 RINL~CANDERRA-FH DADGER—, PAGE 1
ADCE ! LIVE TINE = 1000 TRUE TINE = C'MM 14 AUB 84 22413
COLLECTED AT: 21:33114,¢ 14 AUS 84 o

ENERGY(KEV)® 0.27048E-07 oCH"2 ¢ 0.34313E00 oCH +0.41037E01

PEAK STATISTICS 1,00 AIN VIDTHe 4 NAX UIDTHe @
AREA BACKOROUNDe 3 1ERRGR=  1.00 S

180 13 VINBOU= 3.0 KEV 130 ID LIDRARYe | N
ABE (DATS)®  0.8330GE00 TARLE 1

ROIS 1 FRON 73.0 KEV 10 79.3 KEV

PEAK AT  74.7 KEV FUbde 1.4 KEV Ly
INTEGRAL® 63 MTEs 0.0 CPS :
AREde 1 ERRe NI

B1-207 AT  73.0 REV = 0.40391E-44 UC]

ROIO 2 FROW  8Y.0 KEV 1D  94.3 KEV Co
PEAK AT >>33>> KEV FuMi» 104.2 KEV
INTEORALe S1 RATEe 9.0 CPS . :
AREAs 0 ERRe 0.0

ROIE 3 FRON 136.0 XKEV T0 148.3 KEV ’ ‘ ’
PEAK AT 139.3 KEV FUlie 2.2 KEV .
INTEGRAL= 33 RATEe 0.0 Cr8
AREAe 29 ERR= 1.2 '

Co-37 AT 134.3 KEV = 0,.22334E-4] UCI

ROI® 4 FRON 177.3 KEV 10 189.8 KEV
PEAK AT 3323)> KEVY FUlil» 170.8 KEV
INTEORALS 40 RATEe 0.0 Cr8
AREA= 0 ERR= 0.02

ROI® S FRON 234.0 NEV TO 242.4 KEV
PEAK AT 238.8 KEV FWllile 1.7 XKEV
INTEGRAL= 37 RATEs 0.0 Cr8
AREA® 22 ERRe 36,31

ROID 6 FROR 291.9 KEV 70 298.4 KEV
PEAK AT 273.2 KEV Filiie 0.7 KEV
INTEGRAL 13 RATEe 9.0 CrS
MEA 15 ERRe 26.42

PP-214 AT 293.2 KEV = 0.34114E10 UCl

ROIN 7 FRON 334.2 KEV 10 343.3 KEV
PEAK AT 314.0 KEV Filiie 2.4 XKEV
INTEGRM. 23 RATE= 0.0 CP9 -
AMREA 23 ERR= 17.32

NP-239 AT 334.2 KEV = 0.23414E-92 UC]
ROIR 0 FRON 340.% KEV T0 1334.0 KEV
PEAK AT 352.4 KEV FUiine 1.2 KEV
INTEGRAL= 26 RATEs 0.0 CrS
AREA= 26 ERRe 19.22

PR-214 AT 350.9 KEV » 0.37413E10 UCI
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ROIS

L{ )¢

ROIQ

14

12

14

172

18

FRON $03.7 KEV 10 317.8 KEV
PEAK AT 311.9 KEV FUline 2.7 KV

INTEGRAL= 23 RATE» 0.0 CPS
AREAs 2] ERR= 17.32
NA=22 AT S11.0 KEV » 0.0£00 ucl1
C0-34 AT S11.0 KEV » 0.0E00 ucl1
C0-38 AT 311.0 KEV = 0,000 !9
BR-85 AT 314,0 KEV = 0.7J471E-04 UCI

FRON 379.8 KEV 10 987.4 KEV

PEAK AT 303.3 KEV Fltine 1.9 KEV
INTESRAL® 14 RATEe 0.0 CP$
AREA= 14 ERR= 23.01

KR-89 AT 385.8 KEV = 0,40384E34 (CI

FRON 404.4 KEV TO 412.9 KEV

PEML AT 3333>> KEV FUlN= 400.1 KEV
INTEBRAL= 13 RATEe 0.0 CPrS
AREA= 1S ERR= 24.41

FRON 634.7 KEV TO 448.8 KEV

PEAK AT 33>3>> KEV FlRiRe 0.8 KEV
INTEGRAL® 4 RATEs 0.0 CPS
AREA® 4 ERR= 0.0

FRON 718.8 KEV 10 732,9 KEV

PEAK AT 233725> KEV Filile 0.8 REV
INTEBRALS 11 RATEs 0.0 CPS
AREA® 11 ERRe 7.8

FRON 903.3 KEV 70 917.1 KE¥

PEAK AT 711.7 KEV Fine 3.3 KEV
1NTEGRALS 13 RATEs 0.0 CPrS
AREA= 13 ERRe 23.02

FRON 942.7 KEV T0 973.2 XEV

PEAN AT  943.4 KEV FulNe 0.3 KEV
INTESRALe 8 RATE- 0.0 Cr8 -
AREAS 8 ERRs 7.5

FRON 1114.4 KEV T0 1122.4 KEV :
PEAK AT >32>>> KEV Fiaime 1110.3 KEV
INTESRALS 4 RATEs 0.0 CPr8
AREA= 4 ERR= 3.3

FRON 1433.8 KEV T0 1445.2 KEV

PEAK AT 1440.3 KEV FOlNs 2.2 XEV
INTEGRALe 20 RATEe 0.0 Cr3
AREAs 20 ERRe 20.02

K-40 AT 1440.8 KEV = 0.15934E-92 UC1
1-133 AT 1437.4 KEV = Q.13911E-01 ¥C)

FRON 1737.0 KEV T0 1748.4 KEV
PEAR AT >>33>) KEV Fulilte 0.8 KEV

INTESRAL® 1 RATEs 0.0 CPS
AREAe 1 B »NT
AI-DOE-13504
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UC DAVIS SANPLE # 98 SURFACE SAMPLE LOCATION ®13 (NE CORNER) 8/2/84 LEWR

TAG NO. » 123 RINL-CANDERRA-FN DADGER PAGE 1
ADCE 1§ LIVE TINE = 1998 TRUE TINE « 2000 14 AUS B4 22,39
COLLECTED ATy 22124301, 14 AUG 84

ENERGY(KEV)® 0.27048E-07 oCN"2 + 0.34313E00 #CH +0.41037E01

PEAK STATISTICS= 1,00 NIN UIDTHe ¢4 HAX UIDTHe 8
AREA DACKBROUND= 3 IERROR=  1.00

180 1B UINDOUe 3.0 KEY 180 ID LIDRARY»

AGE (DAYS)s 0.84197E00 TARLE 1

ROI® 1 FROW 273.0 KEV 10  79.93 KEV
PEAK AT 73.4 KEV FUlie 3.7 KEV
INTEGRALS 134 RATE. 0.0 CrS
AREAs 37 ERRs 34.01

H8-203 AT 72,9 KEV = 0.44237E-03 UCI
D1-207 AT 72.8 KEV = 0.11927E-03 UCI

ROID 2 FROW 89.8 KEV 70 94.3 KEV
PEAK AT  92.3 KEV Fuln= 0.8 KEV
INTEGRAL= 99 RATE- 0.0 Crs
AREAe 21 ERRe 76.11

ROI® 3 FROW 134.0 KEV 70 140.5 KEV
PEAK AT D>)3>>> KEV FuUHli= 129.4 KEV
INTEGRAL® 108 RATE: 9.0 Crs
MEA= 12 ERRe »NNX

ROID 4 FROM 177.3 KEV TO 109.8 KEV
PEAK AT >>32>> KEV FuNne 170.8 KEV
INTEGRAL= 108 RATEe 0.0 Crs
AREA= 0 ERRe 0.02

ROID S FRON 234.8 KEV TO 242.4 KEV .
PEAK AT 239.1 KEV FUll= 0.9 KEV
INTEGRALe 132 RATEs 0.0 CPS
AREAS 72 ERR= 22.21

PD-214 AT 241.9 KEV = 0.49793E11 UC]

ROID & FROW 291.9 KEV TO 298.4 KEV
PEAK AT 295,7 KEV Fllils 1.9 KEV
INTEGRAL® 33 RATEs 0.0 Crs
AREA 12 ERR= 3.3

PI-214 AT 293.2 KEV = 0.48152£10 ¥C1

ROID 7 FROR 334.2 KEV T8 343.3 KEV
PEAK AT 338.1 KEV Filite 1.4 KEV
INTEGRAL= ' J4  RATE. 0.0 Crs
AREdn 14 ERR= Sé.22

C0-134 AT 340.4 KEV s 0.29549E-94 ¥CI
ROID 8 FROM 348.9 KEV 10 334.0 KEV |
PEAK AT 352.2 KEV File 1.0 KEV
INTESRAL® 0 RATEs 0.0 CPS
AREAS A4 e 19,53

PB-214 AT 3IS1.9 KEV s 0.94977E10 UCI

Al1-DOE-13504
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ROLS

10

12

13

FRON 303.7 KEV T0 3517.9 XEV

PEAK AT 311.4 KEV FuUliNe 1.4 KEV
INTESRALe 64 RATEe 0.0 Crs
AMEA 37 ERRe 33.12
MA-22 AT 311.0 KEV » 0.0E00 ucl
C0-36 AT 311.0 KEV = 0,.0E00 vel
C0-38 AT 311.0 KEV = 0.0E00 ucl

8R=03 AT 314.0 KEV = 0.39172€-04 UC]

FRON $579.8 XKEV T0 387.4 KEV

PEAK AT 383.2 KEV FUllNe 1.0 KEV
INTEGRAL® 27 RATEs 9.0 CP8
AREA= 12 ERRe 46,6

KR-89 AT 383.8 KEV = 0.71839E)7 UCl

FRON 404.4 KEV TO 412.9 KEV

PEAK AT  409.8 KEV FUNNa 0.9 KEV
INTEGRAL= 33 RATEs 0.0 Crs
AREAs 33 ERRe 17.12

AE-133 AT §00.2 KEV = 0.94277€E-92 UCI
31-214 AT 609.3 KEV = 0.74782E13 OCI

FRON 434.7 KEV TO 448.8 KEV

PEAK AT  441.9 KEV Fllile 2.3 KEV
INTEGRAL= 31 RATEe 0.0 Crs
AREAe 31 ERRe 14.12

C8-137 AT 4é1.4 KEV = 0.45191E-04 UCI

FROW 718.0 XEV 70 732.9 KEV

PEAK AT  727.8 HEV FUNNe 2.3 KEV
INTESRAL= 19 RATEe 0.0 Crs
AREA- 17 ERRe 21,02

FRON 903.3 KEV 10 917.1 XEV
PEAK AT  911.1 KEY Fllilis 1.4 KEV

INTEGRAL= 2 RATEs 0.0 CPS
ARENs 27 eme 10.51
AI-DOE-13504
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RO1N

17

FRON 942.7 KEV TO 973.2 KEV

PEAK AT >>3)>> KEV FuMNs 103.1 KEV
INTEGRAL= 18 RATE- 0.0 Crs
AREAs 18 ERRe 2.1

FRO® 1116.4 XEV T0 1122.4 KEV

PEAR AT 1119.2 KEV FUNle 0.9 KEV
INTEGRAL= 14 RATEe 0.0 Crs
AREA= 14 ERR= 21.41

TA=182 AT 1121, 3 KEV = 0.11217€-03 UCI
BI-214 AT 1120.3 KEV = ¢.13408€14 UCI

FROM 1433.8 KEV T8 1443.2 KEV

PEAK AT 1441.1 NEV FUliNs 4.9 KEV
INTEGRAL= 63 RATE= 0.0 Crs
AREAe 63 ERRe 12.62

K-49 AT 1460.8 KEV = 0.23124E-92 UC1

FROM 1737.0 KEV T0 1748.4 KEV

PEAK AT 1267.3 KEV FUlis 0.3 KEV
INTEGRAL= 4 RATEe 0.0 Cr8
AREAs 4 ERR= 30.01

XE-138 AT 1748.3 KEV = 0.47441E23 UC1
Bl-214 AT 1764.3 KEV = ¢.20913814 UCI

AI-DOE-13504
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TAG NO. =

ADCH

UC DAVIS SANPLE 899 SURFACE SAMPLE LOCATION 814 (E OF DIOLAD)

123 RIHL-CANDERRA-FH BADGER PASE 1
LIVE TINE = 1997 TRUE TINE = 2000 13 AUS B84 01324

COLLECTED AT: 00:12107.3 13 AUS 684

ENERGY(KEV)= 0.27048E-07 oCH"2 + 0.54313E00 oCH +0.41837€01

PEAK STATISTICS» 1,00 NIN VIDIH= ¢4 MAX VIDTN= §
AREA BACKGROUNDe 3 ZERROR= 1.00

150 10 vIMDOUs 3.0 KEV 180 ID LIBRARYs 1

ABE (DAYS)s  0.93701E00 TARLE 1

ROXO FROMW 73.0 KEV 10 79.5 KEV

{11

PEAK AT 77.0 KEV FlMi= 2.0 KEV
INTEGRAL® 138 RATEs 0.0 CPS
AREA® 47 ERRe 38.21

BI-207 AT 73.0 KEV = ¢.84421E-04 ¥CI

FROA 69.8 KEV 10 94.3 KEV

PEAK AT 93.2 KEV FUNNe= 0.9 KEV
INTESRAL® 88 RATEe 9.0 Cr8
AREA® 10 ERR= »NL

FRON 234.8 KEV 10 242.4 KEV

PEAK AT 238.9 KEV FuMtis 1.4 KEV
INTEORAL= 101  RATEs 0.9 Cr8
AREAe Sé ERRe 25.01

FRON  291.9 KEV 10 299.4 KEv

PEAK AT 293.4 KEV FlliNe 2.6 (EV
INTEGRML= 38 RATE* 0.0 Cr8
AREA= 23 ERRe 32.02

PB-214 AT 293.2 KEV = 0.1247€12 UCI

FRON 334.2 KEV 70 343.5 KRV

PEAK AT  338.4 KEV FUliNe 1.4 KEV
INTEGRAL® 52 RATE= 0.0 Cr8
AREA= 4 ERR= 29.41

CE-136 AT J40.4 KEV = 0.43074E-04 ¥C1
FRON 348.9 KEV 10 334.0 MEV
PEAK AT  332.2 KEV Fulibe 1.5 KEV
INTEGRAL= 34 RATEe 0.0 Crs
AREAs 40 ERm= 2.2
PD-214 AT ISL.? REV = O,13311E12 MCI

FROR 303.7 KEV 10 S$17.8 kEV
PEAK AT 311.3 KEV Filine 1.4 KEV

INTESRAL® 33 RATEs 0.0 CP8

AREAe 13 oeme 5.1
MA-22 AT $11.0 KEV = 0.0£00 uet
C0-54 AT S11.0 KEV = 0.0F00 5]
Al-DOE-13504
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ROI®

ROIN

1

"

FRON 348.9 XE® 70 1334.0 KEV

PEAK AT 352.2 5™V  FUli= 1.5 KEV
INTEGRAL® 34 RATEe 0.0 Crs
AREAs 40 ERRe 22.3%

PI-214 AT 351.9 KEV = 0.13311E12 UCI

FRON 303.7 KEV 70 317.8 KEV
PEAK AT 311.3 KEV Flline 1.4 KEV

INTEGRAL® 31 RATEs 0.0 CPS
_AREAs 31 ERR= 13,12
NA-22 AT 311.0 KEV » 0.0£00 el
C0-56 AT S11.0 KEV = 0.0£00 ves
CO-58 AT S11.0 KEV = 0.0E00 el
ER-83 AT 3514.0 KEV = 0.52844E-04 UCI

FROR 3579.8 KEV TC 387.4 KEV

PEAK AT 583.2 KEV Filie 2.0 KEV
INTEGRAL= 23 RATE- 0.0 Cr8
AREA= 23 ERRe 20,02

KR=89 AT 383.8 XEV = 0,.23327E-29 UCI

FRON 404.4 KEV TO 412,9 KEV

PEAK AT  407.4 KEV FUNNe 2,3 kev
INTEGRAL» 40 RATEs 9.0 Cr8
AREA= 40 ERRw 15.02

XE=133 AT 408.2 KEV = 0,126431E-81 UC1
BI-214 AY $09.3 KEV = 0.37828£17 UCl

FROM 1116.4 XKEV TO 1122.4 KEV

PEAK AT ))33)> KEV Filifle 0.8 KEV
INTEGRALe 10 RATEe 9.0 CPr8
AREA= 10 ERR= 30.02

FRON 1453.8 KEV TO 1443.2 KEV

PEAK AT 1441.1 KEV FUMNe 4.1 KEV
INTEGRAL= 43 RATEs 0.0 CPS
AREAs 63 ERRe 12,33

K-40 AT 1440.8 KEV = 0.23933E-92 UC1

FRON 1737.0 KEV T0 1748.4 KEV
PEAK AT 1764.2 KEV Fulie 0.5 KEV
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UC DAVIS SAMPLE 8 100 SURFACE SANPLE LOCATION #1353 (NBAR SHOP) 8/2/84 LEMR

TAG NG, = 123 RIHL-CANBERRA-FH BABGER PASE 1
ADCR 1 LIVE TINE = 1999 TRUE TINE » 2000 13 AUS B4 02:30
COLLECTED ATy 01130137.7 15 AUG 84

ENERGY(KEV)= 0,.27048E-07 oCN“2 ¢ 0.54313E00 oCH +0.41837E01

PEAK STATISTICS= 1,00 HIN UIDTN= ¢ HAX UIDTHe 8
AREA DACKSROUNB= 3 IERROR= 1.00

180 1D UINDOUs 3.0 KEV 130 ID LIBRARYs 1

AGE (DAYS)=  0.9978E00 TARE 1

RGIN 1 FROM 73.0 KEV 7O  79.3 KEV
PEAK AT 77.2 KEV FUHNs 0.3 KEV
INTEGRAL= 122 RATEs 0.0 CPS
AREAs 31 ERR= 34.82

DI-207 AT 75.0 KEV = 0.34944E-04 UCI

ROIA 2 FRON 89.8 KEV TO  94.3 KEV

PEAK AT  93.0 KEV FUHN= 2.3 KEV
INTEGRAL= 74 RATEe 9.0 Crs
AREA= 33 ERRs 42

ROI® ] FRON 2]4.8 KEV TO 242.4 KEV
PEAK AT 239.1 KEV Fili= 0.8 KEV
INTEGRALe 12 RATEe 0.0 CP8
AREAe 47 ERR= 29.7%

PB-214 AT 241.9 KEV = 0.51093E13. uCl

ROIS 4 FRON 291.9 KEV TO 298.4 KEV
PEAK AT 293.9 KEV FUlins 1.0 KEV
INTEGRAL= 36 RATE= 0.0 CP$
AREAs 10 ERR= 90.02

PB-214 AT 293.2 KEV = 0.48493E12 UCI

ROIS 3 FROM 334.2 KEV 7O 343.5 KEV
PEAK AT 339.2 KEV FuHNs 0.7 KEV
INTEGRM= 34 RATEs 0.0 Crs
AREA= 16 ERRe 34.2X

Ch~134 AT 146.4 KEV = 0.29740E-04 ¥C]
ROI8 4 FRON 348.9 KEV T0 336.0 KEV
PEAK AT 331,97 KEV FUlile 1.2 KEV
INTEORAL= 10 RATEs 9.0 CPS
MEb= 14 ERR= 43.71

PD-214 AT 331.9 KEV = 0.31927E12 UCl

AI-DOE-13504
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ROT®

10

"

12

FRON 503,7 KEV T0 $17.8 KEV
PEAK AT 311.0 KEV FulN= 2.4 REV

INTEGRAL= 40 RATE- 0.0 CP8
AREA= 40 ERR= 13.01
NA-22 AT $11,0 KEV = 0.0E00 ucl
CO-S6 AT $11.0 KEV = 0.0E00 ucl
CO-S8 AT S511.0 KEV = 0.0E00 ucl

FRON 579.8 KEV T0 387.4 KEV

PEAK AT 383.4 KEV Fllilte 3.9 KEV
INTEGRAL= 19  RATE= ¢.0 CPS
AREA= 1? ERR= 2.01

KR-8% AT 30S5.8 KEV = 0.34388E-21 UC!

FRON 404.4 KEV T8 412.9 KEV

PEAK AT 4$0%.4 KEV FiMN= 1.9 KEV
INTEGRAL= 31 RATE» 0.0 Cr8
AREA= 18 ERRe 38.82

XE-133 AT $08.2 KEV = 0.4J47€E-02 UCI
DI=214 AT $09.3 KEV = ¢.33833£18 UCl

FRON 430.9 KEV T0 472.6 KEV

PEAK AT 442.2 KEV Fli= 2.0 KEV
INTEGRAL® 30 RATE= 0.0 Cr8
AREA= 30 ERRe 14.01

C8-117 AT 4é1.4 KEV = 0.10309E-03 UC1

FRON 1114.4 KEV 70 1122,4 KEV

PEAK AT 3)55>> KEV FUliN= 1110.3 KEV
INTESRAL= 4 RATE- 0.0 Cr8
AREA= 4 ERRe 30.02

FROW 1433.8 KEV T0 1443.2 KEV

PEAK AT 1441.5 KEV Filile 3.3 KEV
INTEORAL= I3 RATE- 0.0 CP8
AREA= I3 ERR= 17.11

K-40 AT 1440.8 KEV = 0.13931E-02 ¥C1

FRON 1737.0 XKEV T0 1748.4 KEV
PEAL AT 1744.2 KEY FUMNe 11,4 KEV

INTEORALS S RATE= 0.0 CPB
MEAe S EMe 40,01
)I-214 ATe
AI-DOE-13504
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UC DAVIS SAMPLE #101 SURFACE SANPLE W14 (NEAR FRONT OATE) LEMR

TAG NG, » 123 RIHL-CANDERRA-FH BABGER PAGE 1
ADCE 1 LIVE TINE e 1999 TRUE TINE « 2000 15 AUG 84 03104
COLLECTED ATt 04331408.2 15 AUS 84

ENEROY(KEV)® 0,27048E-07 oCN*2 + 0.54313E00 oCH +0.41837E0

PEAK STATISTICSs 1.00 HNIN VIDTHe 4 MAX UIDTH= @
AREA DACKSROUND® 3 IERROR= 1.00
150 10 VINDOUs 3.0 KEV 180 10 LIDRARYs 1
ABE (DAYS)= 0.11149E01 TABLE !
ROI® 1 FROM 73.0 KEV 70  79.3 KEV
PEAK AT  74.9 KEV Futile 1.4 KEV
INTEGRAL = 114 RATEa 0.0 CrS
AREA= 36 ERRs 4.4

31-207 AT 73.0 KEV = 0.44129E-04 UCI

ROIO 2 FRON 89.8 KEV TO  94.] KEV
PEAK AT  94.8 KEV FUNNe 1.0 KEV
INTEGRAL= 74 RATEe 0.0 cr8
AREA= 22 ERR= 37.02

ROI& 3 FROM 234.8 KEV TO 242.4 KEV
PEAK AT 238.9 KEV FUHn= 2.2 KEV
INTEBRALS 84 RATEs 0.0 Cr8
AREAs 41 ERR= 3412

ROI& 4 FROW 291.9 KEV 70 298.4 KEV
PEAK AT 293.7 KEV FUMls 1.3 KEV
INTEGRALS - 34 RATEe 0.0 CPS
AREAs 10 ERRe 90.01

P3-214 AT 2935.2 XKEV = 0.41033E14 UC]

ROI® 3 FRON 334.2 KEV TO J43.3 KEV
PEAK AT 339.1 KEV FWiNe 1.3 KEV
INTEGRAL= 29 RATE= 0.0 Crs
AREAs 29 ERR= 17.21

C8-134 AT 340.4 KEV = 0,342958E-94 V(]
ROI&E 4 FRON 348.9 KEV TO0 334.0 KEV
PEAK AT 331.9 KEV FNe 1.3 KEV
INTESRALS 15 RATEs 0.9 CPS
AREA= 21 ERRe 38.02
PB-214 AT 331.9 KEV = 0.57433E14 VUC1

ROIE 7 FROR 303.7 XEV 70 317.8 KEV
PEAK AT 311.7 KEV FUMN= 1.1 KEV

1NTESRAL® 33 RATEs 0.0 CPS
AREA I3 Eme  17.12
NA-22 AT 311.0 KEV = 0.0E00 ucl
C0-54 AT S11,0 KEV = 0.0£00 ucl
A1-DOE-13504
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FRON $03.7 KEV T0 317.8 KEV
PEAK AT 311.7 KEV FUHNs t.1 KEV

1NTEGRAL® 33 RATEe 0.0 Crs
AREA 33 ERRe 12.11
NA=22 AT 311.0 KEV = 0.0E00 Ucl
C0-34 AT S511.0 KEV = 10,0800 ucl
CO-58 AT 3511.0 KEV « 0.0800 uct

SR-85 AT 514.0 KEV = 0.S4099E-94 UC]

FRON $79.8 KEV T0 $87.4 KEV

PEAK AT 304.1 KEV FUNNs 1.4 KEY
INTEGRAL® 24 RATEe 0.0 Cr8
AREAe ? ERRe 77.71

KR-09 AT 383.8 KEV = 0.33073E-93 UC]

FRON 404.4 KEV TO 412,97 KEV

PEAK AT 409.4 KEV FilNe 2.3 KEV
INTEGRAL= 23 RATEe 0.0 CPS
AREAe 23 Ergs 29.01

XE-113 AT 608.2 KEV = 0.10964E-01 UC]
BI-214 AT 409.3 KEV = 0.19320E21 UCI

FRON 430.Y KEV TO 472.4 KEV

PEAK AT 441.8 KEV FUMN= 2.8 KEV
INTEGRAL® 33 RATEs 0.0 Crs
AREAs 33 ERRe 13.22

C8-117 AT éé1.4 REV = 0.1114E-03 UC]

FROW 1194.4 KEV TO 1122.4 KEV

PEAK AT 1120.8 KEV Fiiil= 0.3 KEV
INTEGRAL 4 RMATE. 9.0 CPS
AREAs 4 ERR™ 30.01

TA=182 AT 1121.3 XKEV =  0.32083E-94 UCI
Bl-214 AT 1120.3 KEV = 0.13473E21 UCl

FRON 1433.8 REV TO 14438.2 XEY

PEAK AT 1460.9 KEV FUN= 1.4 KEV
INTEGRAL® 40 RATEs 0.0 Cr8
AREA= 40 ERRw 15.01

K=4¢ AT 1460.6 KEV = §,.13944E6-92 UC]

FRON 1737.0 KEV T0 1748.4 KEV
PEAK AT >>>>5>> REV Fuliis 1730.8 KEV

INTEORALe 7 MTE= 0.0 CPS
MEre 7 e 2831
AI-DOE-13504
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UC DAVIS SANPLE 1182 SURFACE SANPLE 9 L7 (FIELD BRAIN SUNP)

TAG N0, = 123 RINL-CANBERRA-FH DADGER PASE 1
ABCh 1 LIVE TINE = 1990 TRUE TINE » 2001 13 AUS 84 03:49
COLLECTED ATy 033216120.0 13 AU 04

ENEROY(KEV)= 0.27048E-07 oCN"2 + €.JAJ1JEG0 oCN +0.41037E01

PEAK STATISTICEs 1.40 RN UIBTH= ¢ HAX UIDTH= @
AREA DACKGROUNDS 3 IERROR= 1.00

1S0 1B UINBOUs 1.0 KEV 150 1D LIDRARYs 1

AGE (DAYS)s 0.11403E01 TANE

ROIN 1 FROM 73.0 KEV 70  79.3 KEV
PEAX AT 74.2 KEV FUliNe 0.0 KEV
INTEGRALe 112 RATEe 0.0 CPS
AREAe 34 ERRe .01

DI-207 AT 73.0 KEV = 0.42404E-04 UCI

ROI® 2 FROM 69.0 KEV T0  94.3 NKEV
PEAK AT  93.0 KEV FUlNe 0.7 KEV
INTEORAL> 70  RATEe 0.0 Crs
AREA® 3 ERRe 30.71

ROIA 3 FROM 234.8 KEV T0 242.4 KEV
PEAK AT °238.9 KEV FUlils 1.3 KEV
INTEGRALS 76 RATEe 0.0 Cr8
AREA= . 40 ERRe 23.02

ROID 4 FROM 291.9 XEV TO 298.4 KEV
PEAK AT >333>> KEV Fulie 203.4 XEV
INTEGRAL= 31 RATE- 0.0 Crs
AREAe 3 EfRe »MNL

ROIO 3 FRON 334.2 KEV T0 343.3 KEV
PEAR AT 339.4 XEV Fullle 4,6 XEV
INTEGRAL= 34 RATEs 0.0 Crs
AREA= 10 ERRe 5.0

C8-134 AT 340.4 NEV = 0.337S1E-44 K1
ROI® 4 FRON 340.9 KEV 10 334.0 KEV
PEAK AT 131.7 KEV FUliNe 1.7 KEV
INTEORAL= 44 RATEe 0.0 Crs
AREAe 30 EARe 26.41

PI-214 AT 331.7 KEV = 0.24432E15 UCI

AI-DOE-13504
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ROI4

RO1S

ROIS

10

12

FRON 303.7 KEV T0 317.8 KEV

PEAK AT 3509.9 KEV FUliNe 1.2 KEV
INTERRAL® 42 RATEe 0.0 Crs
AREAe 42 ERR= 14.2%
NA-22 AT 511.,0 KEV = 0.0E00 uct
C0-34 AT 311.0 KEV « 0.0£00 ucl
C0-38 AT $11.0 KEV = 0.0E00 uct

FROW $79.8 XEV TO 367.4 KEV

PEAR AT S583.0 KEV FUlNe 0.3 KEV
INTEORAL® 22 RATE- 0.0 Crs
AREA= 22 ERRe 18.12

KR-8 AT 3835.0 KEV » 0.135893E00 UC]

FRON $04.4 KEV T® $12.9 XEV

PEAK AT 410.0 KEV Fukns 0.9 KEV
INTEBRAL® 26 RATEs 0.0 CPS
AREN= 131 ERRe 33.02

AE-133 AT 408.2 KEV = §.40410E-92 UC]
DI-214 AT §09.3 KEV = 9.49043E21 UCI

FROR 430.9 KEV TO 472.4 KEV

PEAK AT  442.0 KEV Fuiie 1.2 XEV
INTEGRAL= 40 RATEe 0.0 Crs
AREA= 40 ERR= 13.02

C8-137 AT 641.4 KEV « 0.84119E-04 UCI

FRON 1114.4 KEV TO 1122.4 KEV

PEAK AT 1118.4 KEV FUMNe 1.3 KEV
INTEORML= ? RATEs 0.0 Cr8
AREA= ? ERRe 3.1

IN-43 AT 1113.3 KEV = 0,49047E-04 UC1
TA-182 AT 1121.3 KEV =  §.72234E-04 WC1
DI-214 AT 1120.3 KEV = 0.1704€22 0UC1

FROR 1433.0 KEV TO 1443.2 KEV

PEAK AT 1440.5 KEV Fhe= 4.3 KBV
INTEGRAL= 0 RATE= 0.0 Crs
AREp= 30 ERfe 14.42

K=4¢ AT 1440.8 KEV = 0.119644£-02 W1
1-133 AT 1437.4 KEV = 0.241046-01 C1

FRON 1737.0 KEV T0 1748.4 NEV
PEAK AT 3335)) KEV Flllille 0.0 KEV

INTESRAL® 3 RMTEs 0.0 CPS
AREAS I o W
AI-DOE-13504
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CHANNEL & BATA

123 7 ’ é 9 10
128 10 17 ? 10 ] ] 3
154 3 3 é 9 é
1460 " 4 3 7 -] 4 2
an 2 3
424 4 2 3 é 14 17 é
432 2 3 2 2
324 4
S2¢ 1 2 3 2 2 é 3
334 1 2 3
404 2 1 2
608 1 0 4 3 2
oé 3 3 2 1 1 1
X1
432 0 3 1 ) [ ] 10 3
440 0 1 1 1
LN 1 [ (]
220 [ ] 1 0 1 3 1 2
720 L] 2 4 é 2 2 2
%4 0 | 0 1 [) 9 0
1084 2 3 [ ) 1 2 4
1064 4 [ ] 1 0 1 0 1
1103 3 3 2 2 | 0
1112 3 1 1 1 2
1187 [ 1 2 [
1192 [} 1 (] 1 2 1
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UC DAVIS SANPLE N103 SURFACE SANPLE LOCATION 18 (NEAR UASHDOUN PAD) §/2/84 LEHR

TAG NO. » 123 RIKL-CANBERRA-FH DADOGER PASE 1
ADCR ! LIVE TINE = 1996 TRUE TINE » 2000 15 AUS 84 0700
COLLECTED ATy 04126300.4 13 AUR 04

ENERGY(KEV)= 0.27040E-07 oCN"2 ¢ 0,.34713E00 oCN +0.41937€E01

PEAK STATISTICS= 1.00 IR UIDTH= 4 NAX UIDTHe 8
AREA DACKSROUND= 3 IERROR= 1.00

150 ID UINDOUs 3.0 KEV 180 1D LIDRARY= |

AGE (DAYS)s 0.11947€01 TABLE 1

ROI® 1 FRON 73.0 KEV 10  79.3 KEV
PEAK AT 74.3 KEV FUlN= 2.0 KEV
INTEBRAL= 138 RATEe 0.0 Cr8
AREA= 47 ERR= .22

3l~-207 AT 75.0 REV = 0.04378E-94 ¥C1
ROID 2 FROW @9.8 KEV TO0  94.3 KEV

PEAK AT  92.9 NEV Filde 1.9 KEV
INTEORAL= 98 RATEe 0.0 Cry
AREAs 23 ERR= 43.21

ROI® 3 FRON 129.5 KEV T0 138.2 KEV
PEAK AT 130.3 KEV Filits 1.1 XEV

INTEGRALS 74 RATEe 0.0 Crs8
AREAs 9 ERR= 213
PU-239 AT 129.0 KEV = 0.0£00 uc1

ROID 4 FRON 234.8 KEV 70 242.4 KEY
PEAK AT 230.4 NKEV FUlNe 1.0 KEV
INTEGRAL= 105 RATEe 0.0 Crs
AREA= 43 ERRe 33.91

ROI® 3 FRON 148,97 KEV 70 134.3 KEV
PEAK AT J32.4 KEV FUNRe 1.0 KEV
INTEGRALS 32 RATEe 0.0 Crs
AREA= 37 ERRe 4.1

P0-214 AT J131.9 KEV = Q.19811E14 8C)
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ROID 4
ROID 7
ROID 0
ROID ¢
ROID 10
CHAMNEL ©

123

120

FRON 30@.1 KEV T0 S$14.7 KEV
PEAK AT 510.2 KEV FUie 0.4 XEV

INTEGRALe A1 RATEe 0.0 Cr8
AREA= 24 ERRe 37.31
NA=22 AT 311,00 KEV = 0.0£00 ucl
C0-36 AT 311.0 KEV = 0.0£00 ucl
CO-38 AT S11.0 KEV & 0.0E00 ucl
FROR 379.0 KEV T80 388.4 XEV
PEAK AT 3583.2 KEV FUlNe 1.4 KEV
INTEORAL= 37 RATEe ¢.0 Cr8
AREAe 37 ERRe 16.21

KR-@9 AT 383.0 KEV = 0.11293E07 UC1

FRON 404.4 KEV TO 412.% KEV

PEAK AT 407.4 KEV Flliie 1.3 REV
INTEGRAL® 27 RATEs 0.0 Crs
AREA= 27 ERR= 10.32

XE=133 AT 408.2 KEV = 0.13713E-01 UC1
DI-214 AT 409.3 XKEV = 40.11578821 oC)

FRON 460.7 KEV 10 473.7 KEV

PEAK AT 1>333>> KEV Fulies §34.3 KEV
INTEORAL® 17 RAJEe 0.0 Crs
AREAe 19 ERRe 21.01

FRON 1434.0 KEV TO 1444.7 KEV

PEAK AT 1441.5 KEV Fulie 1.9 KEV
INTEGRALS 63 RATEs 0.0 Crs
AREAs 63 ERR= 12.41

K-40 AT 1440.8 XEV = 0,23124E-92 ¥C1
ATA
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UC DAVIS SANPLE #104 SURFACE SANPLE LOCATION €19 (NEAR FIELD DRAIN SUNP) 6/2/84 LEHR

1AG MO, o 123 RIHL-CANBERRA-FH BABGER PAGE 1
AbCE 1 LIVE TINE » 1998 TRUE TINE » 2001 13 AUG 84 0740
COLLECTED AT: 07307122.3 13 AUS 84

ENERGY(KEV)s 0.27048E-07 oCA“2 ¢ 0.34313E00 oCN +0.41877EM

PEAK STATISTICSs 1,00 NIN UIDTHe 4 RBAX UIBTHes 8
AREA DACKEROUNDe 3 IERROR= 1.00

130 10 GINDOWs 3.0 KEV 180 13 LIBRARYs 1

ABE (DAYS)= 0.12234E0!1 TABLE !

ROI® 1 FROW 73.0 XKEV 10  79.3 KEV
PEAK AT 74,4 KEV Fimi= 1.4 KEV
INTEGRAL= 91 RATE- 0.0 CPr8
AREA= 13 ERR= P22 24

U=-197 AT 72,9 KEV = 0.19033E-03 UC)
H8=203 AT 72.9 KEV = 0.14334E-03 UC)
Bi-207 AT 72.8 KEV = 0.41908E-04 UC)

ROIS 2 FROMW 89.8 XEV 10  94.3 KEV
PEAK AT 92,4 KEV FUNN= 0.7 KEV
INTEORAL= 63 RATEe 0.0 Crs
AREAe 13 ERR= | OOM1

ROI® 1 FRON 234.8 KEY T0 242.4 KEV
PEAR AT 230.8 XEV FUlhe 1.1 XEV
INTESRAL= 73 RATEs 0.0 CPS
AREAe 43 ERR= 24.42

ROIZ 4 FROR J48.% XEV T0 134.95 XEV
PEAK AT  331,8 KEV FUmie 1.9 KEV
INTESRALe 41 RATEe 0.0 CPe
AREA> 26 ERR= 30.73

PI~214 AT J31.7 KEV = 0.40443E14 UCI

ROI® 3 FROM S508.1 XKEY 10 3514.7 KEV
PEAK AT 311.2 KEV Fuliis 0.7 KEV

INTEORAL® 33 RATE- 0.0 Cr8
AREAS 18 ERR= 30.02
M-22 AT $11.0 REV s 0.0800 ucl
C0~S4¢ AT S11.0 KEV = 0,000 1

Ci-38 AT S311.0 KEV = 0.0E00 9]
8285 AT 9§14.0 KEV = 0.28897E-04 ¥CI

AI-DOE-13504
322



ROIS & FRON 3579.8 KEV TO 388.4 KEV
PEAK AT 383.1 KEV FUHlNe= 1.4 KEV
INTESRAL= 23 RATEe 0.0 Crs
MEA= 23 ERRm 17.31

KR-8? AT 383.8 KEV = 0.38102E10 UCI

ROI® 7 FROM 404.4 KEV TO 412.9 XEV
PEAK AT  409.1 KEV FUNie 0.0 KEV
INTEORAL® 13 RATEe 0.0 Crs
AREAs 13 ERRm 24.41

XE-133 AT 400.2 KEV = 0.80291E-92 UC]
DI-214 AT 409.3 KEV = 0.27047E23 MC1

ROIE 8 FRON 440.7 KEV TO 473.7 KEV
PEAK AT 33335 KEV FiliNe 434.4 KEV
INTEORALe 28 RATEe 0.0 Crs
AREAs J ERRe NN

ROIE 9 FRON 1434.0 KEV TO t444.7 KEV :
PEAK AT 1441.1 KEV FUNNe 2.7 KEV
INTESRAL» 34 RATEe 0.0 Crs
AREAs 34 ERRe 14.71

K=40 AT 1440.8 KEV = 0.13337€-42 ¥C1
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UC DAVIS SAMPLE KI3 %103 SOIL SANPLE HOLE ROCATION #13 EXCAVATED SOIL COMPOSITE  LEMR

TAG NQ. = 123 RIHL-CANDERRA-FH DADGER PABE 1
ADCE 8 LIVE TINE = 1999 TRUE TINE = 2000 13 AUG B84 08024
COLLECTED AT:  07¢44524.8 15 AUD 84

ENERGY(MEV)®= 0.27048E-07 «CH"2 ¢ 0.34313E00 oCH +0.41837E01

PEAK STATISTICS= 1.00 NIN VIDTHs 4 HAX UIDTHe 8
AREA BACKBROUND= 3 IERRORs 1.00

150 1D ¥INDOUe 3.0 KEV 180 ID LIBRARY= 1

AGE (DAYS)=s 0.12311E01 TABLE ¢

ROIR 1 FROM 73.0 KEV TO  79.5 KEV
PEAK AT  73.3 KEV FUMA= 4.3 KEV
INTEORAL= 101  RATE= 0.0 Cre
AREA= 34 ERR= 41.481

HE-203 AT  72.9 KEV = 0.43224E-03 UCI
DI-207 AT 72,8 KEV = 0.11399E-03 UCI

ROI& 2 FROMN 89.8 KEV 70  94.3 KEV
PEAK AT 72.4 KEV FUlNe 1.7 XKEV
INTEGRAL® 79 RATEe 0.0 CPr8
AREAs 27 ERR= 490.11

ROI® 3 FRON 234.8 KEV T0 242.4 KEV
PEAK AT 230.8 KEV FuMi= 2.3 KEV
INTEGRAL® 88 RATEe 0.0 Cr8
AREAs 43 ERR= 32.91

ROI® 4 FROM 348.9 KEV 70 334.3 KEV
PEAK AT 331.4 KEV Fiulilie 0.9 KEV
INTEGRAL= 33 RATEe 0.0 Crg
AREAs 33 ERR= 15.12

PI-214 AT 331.9 KEV = 40.13J77E17 UCI

ROI® 3 FROM 308.1 KEV 70 S14.7 KEV
PEAK AT 311.3 KEV Fullie 1.7 KEV

INTEGRAL= 42 RATE- 0.0 Cr8
AREA- 23 ERR= 36.02
NA=22 AT 311.0 KEV = 0,0E00 ucl1
C8-34 AT S511.0 KEV = 0.0£00 1
Co-88 AT 3511.0 KEV = 0.0800 !

$R-83 AT $514.0 KEV = ¢.40120E-04 ¥C!
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ROI® 4 FROW $79.8 KEV 70 388.4 KEV
PEAK AT 3583.2 KEV FUHiNe 2.0 KEV
INTEGRAL® 23 RATEe 0.0 Cr8
AREA= 23 ERR= 17.3

KR-99 AT 383.8 KEV = 0.19112E14 UCI

ROI® 7 FRON 406.4 KEV TO 412.9 KEV
PEAK AT 407.3 KEV FUHNe 1.4 KEV
INTEORAL® 24 RATEe 0.0 Crs
AREAs 24 ERRe 20.81

XE-133 AT 608.2 KEV & 0.1344E-0! UCI
D1-214 AT 409.3 KEV = 0.13724E24 UCI

ROI® @ FRON 440.7 KEV TO 473.7 KEV
PEAK AT >>>>>)> KEV FUlR= 433.0 KEV
INTEORAL® 13 RATE= 0.0 Crs
AREAe 13 ERR= 23.02

ROI® 9 FROM 1434.0 KEV T0 1444.7 KEV
PEAK AT 1441.3 KEV FUliNe 1.8 XEV
INTEGRALe 41 RATEs 0.0 Crs
AREAS 41 ERR= 14.61

K-40 AT 1440.8 REV = 0.14342E-02 UCI
ROI® 10 FROM 1739.1 KEV T0 1743.7 KEV
PEAK AT 1743.3 KEV FUliNe 0.7 KEV
INTEGRAL® é RATEs 0.0 Cr8
AREAe 4 ERR= 33.32

D1-214 AT 1744.3 XKEV = 0,.93707E24 UCI
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CHANNEL 8

123
128

134
160

421
424
432

431
632
40

24
28
36

1034
10464
1072

1103
112

1203
1208
1214
1224
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NN o
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OO -

[- N -] NN

3 1" ]
14 3 3
¢ 3 2
3 4 3
2
16 14 13
4
3 [ ] 3
1 1 ]
1 3
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UC DAVIS SQIL SAMPLES -- DOG PENS -- SAMPLES 4,7 AND 8 BTACKED.

TAG NQ. = 123 RINL-CANBERRA-FH BABOER PAGE 1
ADCR ! LIVE TINE = 9984 TRUE TINE = 10000 14 AUG B4 0131
COLLECTED AT: 23112:39.1 13 AUG 84

ENERGY(KEV)w 0,27048E-07 oCH*2 ¢ 0.54313E00 oCH +0,41837E0)

PEAK STATISTICSe 1.00 NIN UIDTHs 4 NAX UIDTHs 8
* AREA DACKQROUND= 3 IERRORs 1.00 .
150 1D UINDOUs 3.0 KEV 150 ID LIDRARYs 1

AGE (DAYS)e 0.18049E02 TADLE |

ROI® 1 FROM 73.0 KEV TO  79.3 KEV

PEAK AT 74.4 KEV FUNN= 1.1 KEV
INTEGRAL= 464 RATE= 0.0 Cr8
AREAs 183 ERRs 22.42

V=187 AT 72.1 KEV = 0.11382E03 UCI
H0-203 AT 72.9 KEV = 0.39BE-03 ucCl
DI-207 ‘AT 72,8 KEV » 0.[1816E-03 UCI

ROI® 2 FROM 89.8 KEV TO  94.3 KEV
PEAK AT 92.9 KEV FUHHe 1.4 KEV
INTEGRAL® 497 RATEe 0.0 CP8
AREA= 33 ERRs 49,01

ROI®@ 3 FROM 134.0 XEV TO 149,3 KEV
PEAK AT 144,46 KEV Flilin= 0.3 KEV
INTEGRAL= 2" RATEs 0.0 Crs
AREA= ERR= »NL .

0.16134E-93 UC1
+47037E-43 UC1

CE-141 AT 1435.4 KEV
U-233 AT 143.8 XEV =

ROI® 4 FROM 177.3 KEV TO 189.8 KEV
PEAK AT 184.0 KEV FUHN= 0.9 Kev

INTEGRAL® 333 \RATEe 0.0 CPS
AREA= 73 Rg:- 43,31

U-233 AT 183.7 KEV = 0.13033E-04 UCI

ROI® 3 FROW 234.8 KEV T0 242.4 KEV

PEAK AT 239.0 KEV FUlie 1.8 KEV
INTEGRAL® 379 RATEs 0.0 Crs
AREA= 217 ERRe 17.31

ROI® 4 FRON 291.9 KEV TO 298.4 KEV
PEAK AT 293.4 KEV FuNns 1.3 KEV
INTEGRALS 184 RATEs 0.0 Cr8
AREA= 92 ERRs 4.2

PD-214 AT 293.2 KEV = 0.21444E-07 HC1
ROI8 7 FRON 334.2 KEV TO 343.5 KEV
PEAK AT 330.4 KEV FUMNe 1.1 Kev
INTEGRAL= 228 RATEe 0.0 Crg
AREA= 04 ERRe 2.7

C8-134 AT 340.4 KEV = 0.80401E-04 UC)
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ROI®

RO1G

ROI®

ROINO

1"

12

13

14

13

14

FRON 340.% KEV T0 334.0 KEV

PEAK AT 332.4 KEV FUHNs 1.3 KEV
INTEGRAL® 232 RATE= 0.0 CPS
AREA= 120 ERR= 18.32

PD-214 AT 331.9 KEV = 0.20933E-07 UCI

FROM 503.7 KEV T0 517.8 XEV
PEAK AT S511.5 KEV FUNNs 2.9 KEV

INTEGRAL® 281  RATEe 0.0 CP8
AREA= 119 ERR= 24.021
NA-22 AT 511.0 KEV = 0.0E00 uct
CO-36 AT 511.0 KEV = 0.0E00 ucl
C0-30 AT S511.0 KEV = 0.0E00 ucl

SR-05 AT $14.0 KEV = 0.44177E-04 UCI

FRON $79.8 KEV T0 387.4 KEV

PEAK AT 3583.7 KEV FUHNs 2.0 KEV
INTEGRALS 141 RATE= 0.0 CP$
AREA= 9% ERR= 15.61

KR-87 AT 383.8 KEV = 0.18099E31 UC}

FRON 406.4 KEV TO 412.9 KEV

PEAK AT 407.4 KEV FUulNa 1.8 KEV
INTEBRAL= 151 RATEe 0.0 CP8
AREA= 79 ERRs= 16.121

XE-133 AT $08.2 KEV = 0.11107€13 UCl
BI-214 AT 409.3 XEV = O.11811E22 UCI

FRON 434.7 NEV 10 448.8 KEV

PEAK AT $é1.4 KEV Fililis 2.8 KEV
INTEORAL= 133 RATE= 0.0 CPY
AREA= 32 ERRe 2.31

C8-117 AT éé1.4 KEV = 0.21908E-04 ¥C1

FRON 903.3 KEV T0 917.1 KEV

PEAK AT ?11.7 KEV FuMl= 0.8 KEV
INTEGRAL= 113 RATE= 0.0 Crs
AREA= 99 ERRe 14.81

FRON 942.7 KEV T0 973.2 KEV

PEAK AT  949.7 KEV FUlNe 1.8 KEV
INTESRAL= 102 RATE= 0.0 Cr8
AREA 78 ERR= 17.92

FRON 1114.4 KEV 70 1122.4 KEV

PEAK AT 1119.3 KEV FUlille 4.0 XEV
INTEGRAL= 44 RATEe 0.0 Crs
AREA= 8 ERR= P22

TA=-102 AT 1121.3 KEV » 0.14294E-04 0C1
Bl1-214 AT 1120.3 KEV » 0.44443E21 UCI

FRON 1433,8 KEV T0 1443.2 KEV

PEAK AT 1441.1 KEV FUliNe 3.4 KEV
INTEGRAL= 330 RATEe 0.0 CP8
AREA= 308 ERR= é.43

K-40 AT 1440.8 KEV = 0.24381€-02 UCI
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é
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UC DAVIS SOIL SAMPLES -- DOG PENS -- GAMPLES # 1,2,3,AND & STACKED PEAK ONLY

TAG M0, = 123 RIHL-CANDERRA-FH BADGER PASE 1
ADCE 1 LIVE TINE = 9902 TRUE TINE = 10000 13 AUB BA 22331
COLLECTED ATs 21137144.2 13 AUG 84

ENERGV(KEV)= 0,27048E~07 oCH"2 + 0.54J1JE0Q #CH +0.41837E0!

PEAK STATISTICS= 1,00 NIR UIDTH= 4 NAX UIDTHs 8
AREA BACKGROUNDw k| XERROR= 1,00
1S0 I3 WINDOUs 3.0 KEV 1S0 ID LIDRARY= 1

AGE (DAYS)s Q.1878E02 TADLE 1

ROI® 1 FROM  73.0 KEV 70 79.3 KEV

PEAK AT  77.1 KEV FUHN= 1.2 KEV
INTEGRAL= 637 RATE» 0.0 CP8
AREAs 176 ERRe 23.22

D1-207 AT 73.0 KEV = 0.44801E-04 UCI

ROI® 2 FROM 99.8 KEV TO0  96.3 KEV

PEAK AT  92.5 KEV FuHNs 1.8 KEV
INTEGRALS 523 RATE= 0.0 CPS
AREA= 109 ERRe 31.91

ROI® 3 FROW 234.0 KEV T0 242,4 KEV “Ther*™ 112
PEAK AT 238.7 KEV FUHN= 1.6 KEV L4
INTEGRAL= 434 RATEs 0.0 CPS
AREA= 274 ERRe 10,22

ROIS 4 FROM 29t.9 KEV 10 298.4 KEV .

. PEAK AT 295.2 KEV FUlNe= 1.3 KEV Theeoe™

INTEGRAL= 237 RATE- °.0 Crs e
AREA= 90 ERRe 7.2

PD-214 AT 293.2 KEV = 0.17802E-08 UCI
ROI® 5 FROM 334.2 KEV TO 343.5 KEV

PEAK AT 338.5 KEV FuMM= 1.9 KEV Thorv™
INTEGRAL® 236 RATEe 0.0 CPS adt
AREA> 92 ERRs  27.12

C8-134 AT 340.4 KEV = 0,87733E-04 UC1
ROI8 4 FROM 340.9 KEV T0 1334.0 KEV

PEAK AT 352.1 KEV FUMMe - 1.4 KEV "ﬂf;&’ ot
INTEGRALS 207 RATEs 0.0 CPS e
AREAs 149 ERR=  14.02

PB-214 AT J31.9 XEV = 0.19443E-08 UCI

ROI& 7 FROW S503.7 KEV 10 S17.8 KEV

PEAK AT 511.5 KEV Fumms 3.1 XEV i1
INTESRAL= 291 RATE= 9.0 Cr8
AREAn 183 ERR® 1471

MA-22 AT S11.0 KEV = 0.0£00 "3

C0-54 AT S511.0 XEV = 0,0£00 vc:

CO-58 AT S11.0 KEV = 0.0E00 uc1

SR-03 AT 3514.0 XEV = 0,70973E-04 VCI
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RO1S

RO1S

RO1S

ROS

RO1S

ROIS

B FROM $579.8 KEV 10 387.4 KEV

PEAK AT 383.3 KEV Funme 2.0 KEV Ahord o
INTEGRALS 172 RATE= 0.0 CPS n?
AREA= 112 ERRe  15.11

KRGS W50 rO—HEVT—0TOITITE VO

Y FRON 404.4 KEV TO 612.9 KEV T
PEAK AT 409.3 KEV FUHRe 1.8 KEV
INTEGRAL® 144 RATE« 0.0 CP8
AREA= 92 ERR=  17.32
HEA36—AF 308 2N EV—a—0- 909228 T2 L]
D1-214 AT 409.3 KEV = 0.33008E20 UCI
10 FRON 434.7 KEV TO 448.8 KEV
PEAK AT 440.8 KEV FUHR® 0.9 KEV
INTEBRAL= 202 RATEs 0.0 CPS
AREA= 121 ERRs 19,01
CS-137 AT 441.4 KEV = 0.30987€-04 UCI
11 FROM 903.5 KEV 70 917.1 KEV Akt
PEAK AT 911,5 KEV FUNMs 2.3 KEV et
INTEBRAL= 121 RATEs 0.0 CPS

AREA= 5 ERR= 15.71

12 FROM 1114.4 KEV TO 1122.4 KEV
PEAK AT 1119.2 KEV FUlil= 0.7 KEV
INTEGRAL= 30 RATEs 0.0 Cr8
AREA= 26 ERp= 34.41

=482 AT TTIT 3 XEV 0+ 44 452E~94-4C]
B1-214 AT 1120.3 XEV = 0.44797E20 UC]

13 FROM 1433.8 KEV TO 1443,2 KEV
PEAX AT 1440.4 KEV FUNNs 2.9 KEV
INTEGRAL= 304 RATE- %.0 CPS
AREA 304 ERRe 3.31

K-40 AT _1440.8 KEV = 3:332“i-92 ucl
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CHANNEL #
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UC BAVIS SUBSURFACE BSOIL SAMPLES # 20,27 3 208 @ 20 FT [EAKWF IXR CALIF TYPE SAMPLE

TAG NO. = 123 RINL-CANDERRA-FH BADBGER PASE 1
ADCR 1 LIVE TINE = 9963 TRUE TINE « 10001 14 AUS 84 04134
COLLECTED AT: 01:30031.8 14 AUS 84

ENEROY(KEV)® 0.27040E-07 oCH"2 ¢ 0.34313E00 oCH +0.41037E01

PEAK STATISTICB= 1.00 NIN UIBTH= 4 RAX UIDTHe 8
AREA BACKGROUNB= 3 IERRORs 1.00

150 10 UInsous= 3.0 KEV 180 ID LIBRARY= 1

ABE (DAYS)= 0.33711E-02 TABLE 1

ROI&® 1 FROM 73.0 XKEV TO  79.3 KEV
PEAK AT 74.7 KEV Filile 1.2 KEV
INTEGRAL= 2031 RATEe .2Cr8
AREA= 393 ERRs 18.8X

BI-207 AT 73.0 KEV = 0.14433E-03 UCI

ROI® 2 FROM 99.0 KEV 7D  94.J KEV
PEAK AT 92.08 KEV FlMis 0.7 KEV
INVEGRAL= 1340 RATEe ¢.1 CP2
AREA= 136 ERRe 4.2

ROI® 3 FRON 134.0 KEV TO 148.3 KEV
PEAK AT 143.8 KEV FUlNe 0.3 KEV
INTEGRAL= 1978  RATEs 0.1 Crs
AREAe 130 ERRs 721.81

CE-141 AT 145.4 KEV » 0.23421E-04 UCI
U-233 AT 143.0 KEV = 0.18197€-03 UCI

ROI® 4 FROM 177.3 KEV TO 18%.8 KEV
PEAK AT 196.0 KEV FUlite 1.6 KEV
INTEGRAL® 1781  RATEs 0.1 Crs
AREA= 125 ERR= 72.81

U235 AT 185.7 KEV = 0.2172BE~-04 ¥C1

ROI& 3 FRON 234.9 KEV T0 242.4 KEV
PEAK AT 238.7 KEV™ FUlilie 1.3 KEV
INTEGRALS 1837 RATEe .t Crs
ARfAe 732 ERRe ?.22

ROIS ¢ FRON 291.9 KEV 7O 298.4 KEV
PEAK AT 293.4 KEV FUlille 1.3 KEV
INTEORAL 674 RATE- 0.6 Crs
AREA= 310 ERRe 12,22

PB=214 AT 293.2 KEV = 0.24997E-93 UC1
ROIS 7 FRON 334.2 XEV 78 343.5 KBV
PEAK AT 338.4 KEV FuhNe 1.3 KBV
IRTEGRAL» 617 RATEs 0.0 Cr8
MEA= 149 Erm= .52 ‘

C8-114 AT 140.4 KEV o 0.32434E-04 ¥CI
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RO10

ROID

ROIN

RGIO

12

13

14

13

FRON 348.9 KEV T0 334.0 KEV

PEAK AT 352.2 KEV FuHNe I.6 KEV
INTEGRAL= 790 RATEs 9.0 Cr8
AREAe 490 ERRe 7.7

PO-214 AT 3I31.9 KEV = 0.20442E-03 UCI

FROR 303.7 XKEV T0 3517.9 KEV
PEAK AT 311.0 KEV FUliNe 2.6 KEV

INTEGRAL= 368 RATEe 0.0 Cr8
AREA= 244 ERR= 18.41
NA=22 AT 311.0 KEV = 0.0E00 uc1
C0-36 AT 311.0 REV = 0.0E00 ucl
CO-30 AT 311.0 KEV = 0.0E00 ucl

FRON $79.8 KEV TD 387.4 KEV

PEAK AT 583.4 KEV FUMN= 2.1 Kev
INTEGRAL= 433 RATE= 9.0 crs
AREAs 305 ERR= 9.12

KR-8? AT 383.0 REV = 0.32489E-02 UC1

FRON 404.4 KEV TO 612.9 KEV

PEAK AT  $09.4 KEV FlUMHNe 1.8 KEV
INTEGRAL= 482 RATE- 0.0 Cr8
AREA- 332 ERR= 7.42

AE-11S AT 408.2 KEV = 0.40333E-02 UCI
B1-214 AT 409.3 KEV = 0Q,3413E-03 UCI

FRON 434.7 KEV TO 448.8 KEV

PEAK AT 4$42.2 KEV FUHN= 1.3 KEV
INTEGRAL= 279 RATE= 0.0 Cr8
AREA= 43 ERR= 335.91

C8-137 AT 4é1.4 KEV = 0.24314E-04 ¥C1

FRON 710.0 KEV 70 732.9 KEV

PEAK AT 727.3 KEV FUkie 2.4 KEV
INTEGRAL= 297 RATE= 0.0 Cre
AREA= 108 ERR= 30.52

FRON 903.5 KEV 70 917.1 KEV

PEAK AT 911.3 KEV FUille 2.4 KEV
INTEGRM.= 313) RATE= 0.0 Cr8
AREAs 177 ERR= 17.5X

FRON 942.7 XEV T8 973.2 KEV

PEAK AT 949.1 KEV Fllile 2.7 KEV
INTEGRM.» 273 RATE= 0.0 Cr8
AREAs 103 ERR= 28.52

FROR 1114.4 KEV T0 1122.4 KEV

PEAK AT 1120.4 KEV Fllle 2.0 KEV
INTEORAL= 143 RATEe 0.0 CrS
AREAS 37 ERRe .0

Ta-182 AT 1121,.3 KEV = 0.39020E-04 1
D1-214 AT 1120.3 KEV = 0.10000€-03 UC1
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ROIG 17 FROW 1433.8 KEV TO 1443.2 KEV
PEAK AT 1440.7 KEV FUlilte 3.7 KEV
INTEORAL= 1033 RATEs ¢.1 Cr8
AREA= %Y ERRe 1.41

K-40 AT 1440.8 XEV = 0.77341E-02 UCI
ROIE 18 FROM 1757.0 KEV T0 1748.4 KEV
PEAK AT 1744.3 KEV Fulte J.2 KEV
INTEGRAL= 79 RATE- 0.0 Cr8
AREA= $7 ERR= 21,02

DI-214 AT 1744.3 KEV = 0.1318E-02 UCI

CHANNEL & 1A

123 1e 133 178 214 194
120 143 178 4 " e 107 104 1
154 159 124 100 13 134 164
149 144 1é 100 103 " " 7

3 [ -]
24¢ . 0% I 4 ” 77 o " 77
240 70 7Y 74 7 79 74 73 ]
234 73 102 " L) 8 72 77

33 3 7 70 7 77
12¢ (1] 3 (Y4 7% 3 [y 11 &
328 43 73 " 113 121 (1] 3 o
134 73 "0 34

an 33 32 43
424 33 39 1% 219 343 324 132 93
432 74 102 102 7

326 10 12
320 40 28 49 76 1046 3t 73 4
334 27 23 19

404 32 27 | 3
(1] 20 I L 0 74 74 L} 24
é1é 33 2 23 23 24 n

43t 13
432 26 32 36 7 139 184 127 68
440 2 22 1? 2 7
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Uc DAvIS CALIBRATION CHECK SOURCE  NARINELLI BEACKER PORTABLE MCA

TAG NO. » 123 RIHL -CANBERRA-FH DADGER PAGE 1
ADCH LIVE TINE = 1000 TRUE TINE = 1010 13 AUG 84 06116
COLLECTED AT: 03:39:20.2 13 AUG 84

ENEROY(KEV)= 0.2704BE-07 oCH"2 + 0.34313E00 oCH +0.61837E01

PEAK STATISTICS= 1.00 NIN UIDTH= 4 MAX UIDTH= 8
AREA BACKGROUND= 3 IERROR= 1.00

150 ID UINDOU= 3.0 KEV 180 1D LIDRARYs |

AGE (DAY8)e 0.18031E02 TABLE 1

ROI®E t FROM 83.3 XEV 1O  90.9 KEV

PEAKAT  88.8 KEV FUHN= 1.3 KEV

INTEGRAL= Es 4.3 Cr8
AREAs 23351

CO-199"AT  88.0 KEV~a__0.14298E-02 UCI

APS217 AT 84.5 KEV = 0U49724E-03 UCI

ROI® 2 FROM 708.3 KEV TO 724.8 KEV
PEAX AT 716.3 KEV FUlN= 8.3 KEV
INTEGRAL= 21242 RATE= 21,2 Cr8
AREA= 19309 ERRe 0.91

(_’H'I bbl-‘b/

ROI® 3 FROM 1244.8 KEV TO 1282.1 KEV
PEAK AT 1273.4 KEV FUlN= 8.4 XEV

INTEORAL® 11569 RATE= 11,5 CPS
AREAs 10843 ERR= 1.12
NA-22— AT 12745 UEw—0 P0V7E-D1  UC]

(ST L B ?
ROIN 4 FROM 1439.9 KEV TD 1434.0 KEV

PEAK AT 1444.9 XEV FUMNe 8.4 KEV
INTEGRAL® 937 RATE: 0.4 CPB
AREAs 9393 ERR= 1.01
Ce®® ;33247
CHANNEL # BATA
142 339 kY Y
144 299 332 344 400 143 39 414 514
152 573 534 sS4 508 521
1293 73 ‘0 53
1294 74 3 139 349 %4 1241 1444 1430
1304 1302 1 1059 1037 1081 1039 1093 1279
1312 1440 1583 1419 L2]] 449 172 ” 62
1320 34 52 o 62
2317 13 n 39
2320 38 33 34 (1] 203 393 -] 704
2328 770 724 493 o 47 - e 39S ae
2334 14 738 04 r{}] seY 343 183 69
2344 Y 23 14 23 20 13
2834 ’ s 10 10
2640 ]| k7 75 13¢ 299 4313 394 43
2048 422 503 53¢ 472 L0 B 1 s 73
2434 11 461 420 a4 37 70 17
2044 10 2 é 0 2 ‘2
[ ]
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APPENDIX C.3
GAMMA SPECTROSCOPY LOG FROM LEHR SITE
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A portable gamma spectroscopy system consisting of a Canberra Series 10
multichannel analyzer and a high purity Germanium solid state detector was
used at the LEHR site for both in-situ and preliminary measurements. This was
the first field trial of this equipment, and some problems with data retrieval
from magnetic tape storage were experienced. These problems have not been
completely solved at the time of release of this report. It should be noted
that the lack of this data has no impact on this report as the data was
duplicated by gamma spectroscopy at the Rockwell Canoga Park facility.
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APPENDIX C.4
RADIOCHEMICAL ANALYSIS DATA FROM EAL CORPORATION
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In order that very small quantities of radioactive materials may be
detected and measured, field measurement techniques must be abandoned and
samples must be taken to a specialized laboratory. A contract was let to EAL
Corporation (formerly Tracer Lab) in Richmond, California, for these analyses.

The following section reprodces the report received from EAL and includes
a graphic analysis of the data.

Radium=226, Strontium=90, Carbon-14, and tritium were found in the
samples as noted.
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/——'—\
//»’_\
/ . rrz= Thermo

{ , bR Y
, . . +.= El2Ctron
i EAL Corporztion \ comroartion
H
\ 2030 Wit 2= Avenue ) -
\ Aichmone Cahtornia 94804

(415, 235.2633 /

TWX) 910.382-8132 J/

19 September 1984

Ref: Rockwell Internatianal P.O. No.
485-124-2KX
EAL ¥.0. No. 25-3000 ..9

Mr. David Speed

Rockwell International

tnergy Svstems Group )4
£5C0 DeSota Avenue

Canoga Park, CA 91304

Dear Mr. Speed:

Enclosed are '“C, ?H, 22¢Ra, °0OSr and 2“'Pu results of soils and
sludges sent to us for analysis on the above purchase order.

The '“C and H determinations were made by combustion and liquid
scintillation counting. Radium—-226 was determined by Ge(Li) count.
For °°Sr and 2“'Pu determination, l-gram each of the ashed material
wvas completely dissolved by HF-HC1-HNO, treatment. A known amount of
yeterium carrier was added to the digsolved sample and yttrium (the
carrier as well as ytrrium in equilibrium with ?°Sr in the sample) we
extracted with HDEHP at pH 1, back extracted with 12N-HCl, chenmically
purified by flucride, hydroxide, oxalate steps and converted into
oxide. The ytrtrium oxide was weighed and counted on a low-background
B8~ counter. The ?°Y decay data was processed by least square analysis,
corrected for chemical yield, sample self absorption, aliquot and °°Y
ingrowth and decay.

A known amount of 236Py tracer was equilibrated with the Zicsolved
sample and plutonium was radiochemically purified. Plutoniur-2:i] was
determined by liquid scincillation counting in one half of the purified
plutoniuc extract. From the other half, plutonium was electroplated on
a stainless steel disc and the disc was subjected to alpha spec analysis.
Plutonium=-241 in the sample was calculated from the alpha spec and LSC
counting results. The results of the analysis are given in pCi/gram

sample.
Please call me if you have any questions.
N\
Very truly yours,
4
, R /‘_‘ / / /
! '\__--../-_:.A ’ "-’-"-’;';."" it

v ’ .
Dirtar P. Kharkar, PhD
Manager, Nuclear Projects

Tuclear Science Departnent

DPK/ss
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Hels ©

Held 18
Hela 14

RN . ‘on

T'ELE 1 1%Al73IS OF 8 SAITLES FROM ROCKWELL INTERNATIONAL
Custorer EAL 1ue H 2326R, 905y ivpy
Sample Nos. Dissolution No. pCi/gram = 1 0 (%)
€& 4 - et 508-16 <16 142 = 16
10 + » -0 508-17 29 = 48 208 ¢ 56
A 2 »% 3F7 508-18 <19 154 = 44
O 39.. . . - s508-19 1,160 £ 7 171 = 14
4 3----237 508-20 79 2 4 137 + 14
81w i+ 2 508-1 0.204 ¢+ 19 0.334 2 16 <50
82 -7 508=2 0.425 = 16 0.079 = 60
§3 . S 506=3 €.431 =13 1.71 £ 4
86 © 3 508-4 0.7%5% £ 11 0.095 = 56
87 .. 508=5 0.550 = 13 0.13 = 42
88 « o+ v 508-6 0.507 = 11 0.17 ¢ 27
91 »- 5> ., 508-7 0.469 = 17 0.20 = 62
106 : - 2 .,° 508-8 3.94 ¢ 3 0.909 ¢ 6
1120 - 508-9 0.431 2 12 0.352 = 6
134 ~il e v 508-10 <50
135: - 7a.41 508-11 <50
136 ez’ - 508-12 <50
146 1rez 27 n < 3 508-13 2.35 25 17.3 ¢ 2
Blank (a) 508-15 <16 <25 <0.20 <50
(a) Blank is pCi/sample. ,
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APPENDIX D
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RADIOMETRIC ANALYSIS METHODS
1.0 SURVEY SCOPE AND PROCEDURES
1.1 SURVEY SCOPE

The scope of this survey was to perform radiological surveys for average
total alpha and beta contamination, removable alpha and beta contamination,
and gamma radiation measurements on a representative portion of the LEHR
site. Statistical sampling was used because of the scope of the project and
its proven usefulness in describing site conditions. Areas also were surveyed
and biased as to sampling frequency on the basis of likelihood of contamina-
tion. This is the appropriate method for the desired sampling, as in our
experience, these areas has been found to be most representative of the radio-
logical conditions of an industrial facility. No data was obtained from the
interior of any buildings, the interior of exhaust systems before HEPA filters
or active drain systems, or from the interior of any of the sealed glove boxes.

1.2 SURVEY EQUIPMENT

1.2.1 Instrumentation

Instruments used for radiological inspection consisted of field survey
instruments, portable scaler counting systems, and nonportable, laboratory-
grade gamma spectroscopy systems (located at Rockwell in Canoga Park,
California).

1.2.2 ldentification

Each radiological instrument is identified by an ESG property number or
metrology number for traceabiiity of NBS referenced calibration and results.
For separable devices, such as a scaler and detector probe, a metrology number
is assigned to each probe.
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1.2.3 Field Instruments

Field instruments were used for measurement of average total (fixed and
removable contamination) and hot-spot measurements. The following types of
field instruments were used for the survey of the LEHR facililty:

1)

Technical Associates Model FS-8 Automatic Recycling Scaler

The Technical Associates FS-8 is a five-decade scaler that can
be used with a wide variety of radiation detectors. Provisions
are made for using preset time of 0.1 to 9999.9 seconds or
preset counts in the range of 1 to 99,999. High voltage is
adjustable by a lock 10-turn potentiometer located on the front
panel. The FS-8 also has an adjustable audible and visual
alarm and an audible count rate indication. Both a low-battery
indicator and a count overflow indicator are provided.

This instrument was used with one of two probes described in
the following section to measure average total alpha and beta
contamination.

a) Ludlum Model 43-5 Alpha Scintillation Probe

This probe has an active surface area of 63 sq centimeters
and a nominal efficiency of 4 dpm/cpm. These detectors
are sensitive only to alpha particles. These particles
must have an energy of approximately 1.5 MeV at the window

surface.

b) Ludlum Model 44-9 Geiger-Mueller Pancake Probe
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2)

3)

This probe is used for the detection of beta particles and
has an active surface area of 20 sq centimeters. Nominal
efficiency is 10 dpm/cpm. Background will vary greatly
with natural background radiation but should be in the
range of 30 to 120 cpm. This detector will also detect
alpha particles with an energy greater than 3 MeV. It
will also detect gamma-emitting radionuclides distributed
within materials as a result of kinetic electrons produced
by gamma interactions within that material and/or the
material of the probe.

Ludlum Model 12S MicroR Meter

This instrument is used for the detection of gamma radiation
above the energy of 60 keV. As such, it cannot be used to
detect - the Tow-energy penetrating radiations from plutonium.
This instrument uses a 1 in. by 1 in. Nal(T1) scintillation
crystal with photomultiplier tube. It is calbrated according
to the manufacturer's recommendations to cesium-137 gamma radi-
ation. This meter has a scale of 0-3 micro R/hr and range-
switched multipliers of X1, X10, X100, and X1000.

Nuclear Measurement Corporation Model ACS-77 Automatic Counting
System

This system employs a 2-in.-diameter planchet transport system
and a 2-in. 2 PI geometry gas-flow proportional detector. This
detector is operated at a voltage of 1600-1800 volts. This is
a windowed detector with a window thickness of 180 micro-
grams/sq. centimeter. This enab]es the system to detect both
alpha and beta particles.
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4)

Alpha and beta counts are automatically identified and sepa-
rately indicated. Counting time is selectable from 0.1 to 9999
minutes. The alpha efficiency factor is nominally 3.3 dpm/cpm
with a background of 1 cpm or less. The beta efficiency factor
is nominally 3.2 dpm/cpm with a background of approximately
25 cpm.

LudTum Model 2200 Scaler with Eberline Sodium Iodide Gamma
Probe.

The Ludlum 2200 scaler is a six decade counter coupled to a
single channel analyzer (SCA) electronics package. Individual
10-turn potientiometers allow adjustment of gain, theshold of
discrimination and width of the window. For most gross gamma
measurements, the window is opened to full width and the dis-
criminator is adjusted to ‘just above the noise floor of the
detector.

The Eberline Sodium Iodide Gamma Probe is an assembly consist-
ing of a 2" x 2" Nal crystal and a ruggedized photomultiplier
tube mounted in an aluminum housing.

4.2.4 Laboratory Instruments

Laboratory instruments were used to measure soil contamination (gamma)
obtained on site. Due to the great weight of the shielding, this equipment
remained in Canoga Park, California, at the Rockwell International facility.

Instrument Calibration

Maintenance and calibration of all battery-powered (field instruments)
systems are performed on a quarterly basis by the Inspection and Test
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Department. Batteries may be replaced without recalibration. Laboratory
instruments are serviced and calibrated on a biannual basis.

Daily qualification tests are performed by Radiation and Nuclear Safety.
Prior to each use of an instrument, the calibration label is checked to assure

that the instrument is in current calibration.

4.2.6 Instrument Qualification

Instruments will be checked prior to their first use each day. The check
will consist of a background reading and a reading obtained from a standard
source and source-detector geometry. Those that indicate a significant change
or are erratic or otherwise malfunctioning must be repaired and recalibrated
before further use.

4.3 SURVEY PROCEDURE

4.3.1 Selection of Sampling Points

4.3.1.1 Partial Inspection

As the task of the ESG survey team was to provide an overview and not a
comprehensive, radiological survey of the LEHR facility, a partial inspection
plan was used. The aim was to provide a statistically significant number of
survey points for each area which would represent a reasonable statistical
"population.” For Gaussian statistics, this number of samples, "n," should be
chosen so that n 20 for each population. Using this guidance, approximately
2% of the floor area of suspect structures was sampled.

4.3.1.2 Siting

Survey points were selected on a random-biased basis. Due to instrumen-
tation considerations and time constraints, it was decided to concentrate the
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statistical sampling on the floor surfaces only. It has been our experience
that the floor (or ground) is the most appropriately conservative population
to sample in cases such as this. (Walls and ceilings tend to harbor less con-
tamination than floors.) Sampling points were selected randomly, but biased
by the expert judgment of the surveyors so that many “suspicious" spots such
as an area immediately outside the dog pens and areas of the floor which would
be difficult to clean on an ordinary basis were sampled. Survey points were
also sited in the traffic patterns in order to determine the occurrence and

extent of tracking contamination.

4.3.2 Measurement Procedures

The following procedures were used to make the measurements related in
this document. These procedures have been employed by ESG and have proven to
be extremely effective for documentation for release for unrestricted use of
facilities previously contaminated with radioactive materials. These proce-
dures have been accepted by the U.S. NRC for this purpose.

4.3.2.1 Average Total Alpha and Beta

1)  ldentify the spot to be surveyed.

2) ldentify the area by painting an outline around a 1-meter-sq
area.

3) With a portable scaler (Technical Associates FS-8 or equiva-
Tent) set for a 5-min count time, use an alpha and a beta probe
set in a holding device to uniformly scan the marked area. The
audio indication should be on so that the surveyour can detect
any "hot spots.” These hot spots are to be resurveyed later.

4) Record the locatfon and total counts for alpha and beta.

L3
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5)

The total count is converted to activity in dpm/100 sq cm by:

Activity = [(C-B)/5][E(100/A)]

Where C = total counts in 5 min
B = total background counts in 5 min
E = efficiency in dpm/cpm
A = probe sensitive area.

4.3.2.2 Removable Alpha and Beta

1)

2)

3)

4)

5)

6)

Identify T-sq-meter area to be surveyed (after the total activ-
ity measurement is made).

Using a Whatman 540 filter paper (2.4 cm diameter), wipe a "Z"
pattern, with Tlegs approximately 6 in. Tong so as to sample
removable contamination from an area of approximately 100 sq
centimeters.

Place smear paper in a properly labeled note card "book" for
storage and transport until ready for counting.

Count smear paper for radiocativity using a gas-flow propor-
tional counter (NMC Model ASC-77 or equivalent) for 5 min.

Record the Tlocation, total alpha count and total beta count on
an H&RS Survey Report Form.

The total counts are converted to dpm/100 sq centimeters remov-
able surface activity by:
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Activity = [(C-B)/5]E

Where C = total counts in 5 min
B = total background counts in 5 min
E = efficiency in dpm/cpm

4,3.2.3 "Hot Spot* Measurements

1)  Survey suspect areas with a count rate meter such as a Ludlum
Model 12 with a appropriate probe to determine the location of

maximum contamination.

2) Count the area of maximum contamination for 1 min using a por-
table scaler as previously noted.

3) Record the location and total count on an H&RS Survey Report
form noted as a "HOT SPOT."

4) The total count is converted to activity in dpm/100 sq centi-
meters by

Activity - (C-B)[E(100/A)]

Where C = total counts in 1 min
B = background counts in 1 min
E = efficiency in dpm/cpm
A = probe sensitive area.

4.3.2.4 Gamma Radiation Measurements

4.3.2.4.1 Micro R/Hr Measurements

1) Locate the area to be measured; mark on appropriate map.
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2)

3)

If the area is a floor grid, hold the instrument (Ludlum
Model 12-S or equivalent) approximately 1 meter from the floor
surface and scan the grid. Record the reading obtained in the
center of the grid and the maximum reading obtained, it
applicable.

For other measurements, such as traps, glove boxes, and "hot
spots,” record the average and maximum readings on the appro-
priate forms.

4.3.2.4.2 Gross Gamma Measurements

4.3.2.4.3.

1)

2)

3)

4)

1)
2)
3)
4)
5)

Hold detector 3 feet above area of interest and count for one
minute. Record.

Lower detector into hold just below surface, count for one min-
ute and record data.

Repeat procedures at 5-foot intervals to the maximum depth and
record data.

Starting at the bottom with the detector on, slowly scan the
hole all the way to the top, observing the count rate meter.
If a "hot" spot is detected, take a one minute count at that
level and at one foot below and above that point. Record Data.

Gamma Spectral Scan

Place sample jar on shield GE detector.

Collect data for 1000 seconds or more.

Identify energy peak by kev.

Record data on typewriter printout.

Identify significant isotopes present by their characteristic
gamma peak.
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The purpose of statistical analysis is to convert a large amount of data
into a manageable amount of understandable information. This process can
involve a variety of mathematical techniques, the simplest being the deter-
mination of an average (or mean) value for a given set of data. This simple
determination is improved upon be also calculating the standard devation of
the data about the mean, which gives an estimate of the variability of the
data. In many cases, this variability represent variations both in the char-
acteristics being measured (say, average alpha activity in 1 mz) and in the
measurement (due to random fluctuations in the detector count rate and

background).

The significance of these quantities (mean and standard deviation)
depends upon the distribution assumed for the data. Sometimes there is a
theoretically known distribution for a particular measurement process, such as
the binominal or the Poisson distribution for counting radiocactivity. These
distributions are relatively well approximated by the Gaussian, or normal,
distribution. In fact, the Gaussian distribution approximates the distribu-
tion of many different kinds of measurements and for simplicity is generally
assumed to be the proper distribution. The Gaussian distribution is fre-
quently seen in the form of a "bell"-shaped curve, with most values occurring
near the mean value and fewer and fewer values existing at increasing distance
from the mean, both greater than and less than the mean.

However, it is difficult to derive this bell-shaped curve from experi-
mental data unless the data are specifically selected to demonstrate the
curve, and deviations from the distribution are difficult to see. A better
version is the so-called "cumulative probability function,” which forms an
"S*-shaped curve when plotted in the usual manner. This can be further
improved by adjusting the abscissa (the "X"- values on an X-Y graph) so that
the S curve becomes a straight 1ine. This is a standard statistical technique
and is the basis for special graph paper used for probability analysis of
data. The parameters of the Gaussian distribution (the mean and standard
deviation) are determined by the usual calculational methods:
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X

mean = X = _N_’
1/2
(x4 - %2
standard deviation = S = T

where X. represents the individual data values, and N is the number of
points.

This method is the basis for the figures presented eariier in this
report, where the measured values are plotted against the distance from the
mean value, using the standard deviation of the assumed Gaussian distribution
as the unit,

Uhere the data are not well represented by a Gaussian distribution (and
this is true in most of the cases), the departure is readily apparent: the
data points do not 1ie along the straight Tine representing the Gaussian. In
most cases, this departure takes a single typical form. Much of the data
forms a nearly horizontal straight 1ine with the balance forming another
nearly straight, steeply sloping Tine.

This can usually be interpreted as showing a large number of uncontami-
nated Tocations where the variability is due to random fluctuations in the
measurements themselves, with the balance being Tocations that have more or
less significant residual radioactivity.

In the present report, this analysis has not been extended to provide a
sampling inspection test as there was insufficient data for a confident
analysis. This uses a standard quality control technique called inspection by
variables, in which the distribution of measured values is used to predict the
probability that other, unmeasured values would exceed a specified 1imit. The
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standard test method requires calculating the mean (X) and the standard devia-
tion (s). Then, depending upon values chosen for certain parameters that
affect the performance of the test in accepting bad Tots or rejecting good
Tots, the necessary number of samples is determined and a multiplier, k, is
computed so that the inequality

X+ks L,

where L is the acceptance limit, representing an acceptable Tot. In the
present application, the term "lot" applies to a major facility.

The parameters used in this test are those recommended by the State of
California, Radiologic Health Section, for release of a facility for unre-
stricted use. These are the so-called "consumer's risk* (or B8) and the
"lot-tolerance percent defective" (LTPD). The values recommended for these
are 8 = 0.1 and LTPD = 10%. This means that, if a Tot just passes the accept-
ance test, there is one chance in ten (0.1) that 10% of the total number of
locations in the facility sampled would have residual radioactivity exceeding
the Timit.

The usual manner of applying this inspection test is to use tables giving
values of the sample size (N) and multiplier (k) for the selected values of B
and LTPD. In the present application, the number of measured values (N) in
each lot was used to compute k, and this value was used to calculate X + ks.
The computation of k is somewhat complicated, but once programmed for the
computer as part of the data analysis program, the complicaton is no obstacle
to its use: '

K
W'itha"]-z-(n-%v

AI-DOE-13504
363



and b = K

[T\
zl Fay
DN

The value of K2 is that for the variable of a Gaussian distribution
corresponding to the LTPD value, and the value of KB is that for the
Gaussian variable corresponding to B. In this case, both these values are
1.282.

Inasmuch as the Timit for gamma exposure rate is not well defined and is
very sensitive to the great variation 1in environmental radiation, this
complete analysis was not applied to the gamma measurements. Instead, the
values were plotted against an assumed log-Gaussian (log-normal) distribution
and the test was not calculated. In each case, the significantly high
readings can be judged by looking at the plot.
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